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(54) Use of post-transcrlptional gene silencing for identifying nucleic acid sequences that 
modulate the function of a cell 



(57) Described herein are methods for identifying 
nudeic add sequences that modulate the function of a 
cell, the expression of a gene in a cell, or the btobgicat 
activity of a target polypeptide in a ceD. The methods 



involve the use of double stranded RNA expression Ih 
braries. dout)le stranded RNA molecules, and post-4ran- 
scriptional gene sitendng techniques. 
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Description 

Background of the Invention 

(0001 ] The invention relates to mediods for identifying 
nudeic add sequences that modulate the function of a 
cell, by the use of post-transcripGonal gene silendng. 
[0002] Double stranded R^4A (dsRNA) has been 
shown to induce sequence^pedfic gene silendng in a 
numt}ef of different organisms. Gene silendng can oc- 
cur through various mechanisms* one of which is post- 
transcriptional gene silendng (PTGS). tn post-transcrip- 
tional gene sileiKirig, transcription of the target locus is 
not affeded. but the RNA hatf-Gfe is decreased. The 
mechanisms by which PTGS occurs are not yet dear. 
ExogefK>us dsRNA has been shown to ad as a potent 
inducer of PTGS in nematodes, trypanosomes, and in- 
sects. In addition, studies in C. elegans and DmsophUa 
show that a few molecules of dsf^NA per ce8 are sufR- 
dent to trigger a PTGS response. Furthermore, studies 
in mice have demonstrated that dsRMA can interfere 
with the expression of genes in mouse embryos. 
[0003] There exists a need to identify molecules that 
selectively regulate the expression of genes in verte- 
brate ceHs without the associated toxidty of the interfer- 
on response. Such regulation should allow the down- 
regulation of expression from genes whose gene prod- 
ucts are detrimental to the cells. 

Summary of the Invention 

(0004] In general the invention features high through- 
put methods of using PTGS to identify a nudeic add 
sequence that modulates the function of a cell, gene ex- 
pression of a target nudeic add. or the biological activity 
of a target polypeptide. The method involves the use of 
spedalty oonstnided cDNA libraries derived from a cell, 
for example, a primary cell or a cell fine that has an ot>- 
servable phenotype or biological activity, (e.g.. an activ- 
ity mediated by a target polypeptide or altered gene ex- 
pression), that are transfeded into ceils to inhibit gene 
expression. This inhitMtion of gene expression alters the 
function of a cell, gene expression of a target nudeic 
add, or the biological activity of a target polypeptide, 
and the nudeic add sequence responsible for the mod- 
ulation can be readily kientified. The method may also 
utilize randomized nudeic add sequences or a given se- 
quence for which the function is not known. Although 
the use of PTGS as a validation strategy is known in the 
art its use in screening techruques, as descril>ed herein, 
is novel. 

[0005] Accordingly, in a first aspect, the invention fea- 
tures a method for identifying a nudeic add sequence 
that modulates the function of a cell. The method in- 
volves: (a) transforming a population of cells with a dou- 
ble stranded RNA expression library, where the library 
is derived from the ceils, where at least two ceils of the 
population of celts are each transformed with a different 



nudeic add from the dout>le stranded RNA expression 
library, and where the mjdeic actd is capabUe of forming 
double stranded RNA; (b)optionally selecting for a ceO 
in which the nudeic add is expressed in the ceB; and (c) 

s assaying for a modulation in the function of the ceH. 
wherein a rrxxiulation identifies a nudeic add sequence 
that modulates the function of a cell. 
(0006] In a desirable emtxxliment of the first asped 
of the tnventior). assaying for a modulation in the tmo- 

10 tion of a cell comprises measuring ceH motility, apopto- 
sis. cell growth. ceH invasion, vascularization, celt cyde 
events, cell differenGation, ceH dedifferentiation. neuro- 
na\ cell regeneration, or the ability of a cefl to support 
viral replicatioa 

IS [0007] In a second aspect, the invention features a 
method for identifying a nudeic add sequence that mod- 
ulates expression of a target nudeic add In a cell. The 
method involves: (a) transfonning a population of cells 
with a dout>le stranded RNA expression Ovary, wtiere 

20 the library is derived from the cells, where at least two 
cells of the population of cells are each transformed wHh 
a difforent nudeic add from the double stranded RNA 
expression fibrafy, and wtiera the nudeic add Is capable 
of forming double stranded RNA; (b)optlonaliy selecting - 

25 for a ceH in which the nudeic add is expressed in the 
cell; and (c) assaying for a modulation in the expression 
of a gene in the'ceD, where a modulation identifies a 
nudeic add sequence that modulates expression of a 
target nudeic add in a cell. 

30 [0008] In a desirable emtx)diment of the second as- 
ped of the Invention, the target nudeic add is assayed 
using DNA array technology. 
(0009] In a third aspect, the invention features a meth- 
od for identifying a ruideic add sequence that modu- 

35 lates the tiiologicat activity of a target polypeptide In a 
cell. The method involves: (a) transforming a population 
of ceHs with a double stranded RNA expression library, 
where the Ubraiy & derived from the cells, where at least 
two cells of the population of cells are each transformed 

40 with a different nudeic add from the double stranded 
RNA expression library, and where the nudeic add is 
capable of forming double stranded RNA; (b)optionally 
selecting for a cell in which the nudeic add is expressed 
in the cell; and (c) assaying for a n>odulation in the bio- 

45 logical activity of a target polypeptide in the cell, wherein 
a modulation identifies a nudeic add sequence that 
modulates the biological activity of a target polypeptide. 
[0010] tn one emt>odlment of any of the al>ove as- 
pects of the invention, in transforming step (a), the nu- 

so deic add is stat>ly integrated into a chromosome of the 
cell. Integration of the nudeic add may t>e random or 
site-spedfic. Desirably integration is mediated by re- 
combination or retroviral insertion. In addition. destral>ly 
a single copy of the nudeic add is integrated into the 

55 chromosome. In another emt)odiment of any of the 
above aspects of the invention, in step (a) at least 50, 
more desirably 100; 500; 1000; 10.000; or 50.000 cells 
of the population of cells are each transformed with a 
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different nudeic add from the double stranded RNA ex- 
pression library. In other emt)odiments. the population 
of cells is transformed with at least 5%. more desirat>ly 
at least 25%. 50%. 75%. or 90%. and most desirably at 
least 95% of theilouble stranded RNA expression 6- ^ 
brary. In yet another embodiment, the method further 
involves: (d) identifying the nudeic add sequence by 
amplifying and doning the sequence. DesirabV ampt>> 
fi cation of the sequence involves the use of the polymer- 
ase chain reaction (PCRX 

(001 1] In other embodiments of any of the atx>ve as^ 
pacts of the invention, the double stranded RNA expres- 
sion lit)rary contains cONAs or randomized nucleic ac- 
ids. The double stranded RNA expression fibrary may 
t>e a nudear double stranded RNA expression library, is 
in which case the doMe stranded nudeic add is niade 
in the nucleus. Attemativaly, (he double stranded RNA 
expression fibrary may be a cytoplasmic double strand^ 
ed RNA expression library. In which case the double 
stranded nudeic add is made in the cytoplasm. In ad- 20 
{jfition. the nudeic add from the double stranded RNA 
expression fibrary may be made in tntro or in vrua In 
addition, the identified nudeic add sequence may be 
located m the cytoplasm of the oelL 
In still another emt>odiment of any of the above aspects 25 
of the invention, the nudeic add is contained In a vector; 
for example a double stranded RNA e)cpression vector: 
The vector may then be transformed such that it is stabUy 
integrated into a chromosome of the celt, or it may func- 
tion as an episomal (non-integrated) expression vector 30 
within the cell. In one embodiment, a vector that is inte- 
grated into a chromosome of the cell contains a promol- 
er 0F>erably linked to a nudeic add encoding ahairpin or 
double stranded RNA. In another emt>odiment, the vec- 
tor does not contain a promoter operably (inked to a nu- 35 
deic add encoding a double stranded RNA. In thislater 
emtxxjiment. the vector integrates into a chromosorrie 
of a cell such that an endogenous promoter is operably 
linked to a nudeic aad from the vector that encodes a 
double stranded RNA. Desirably, the double stranded ^0 
RNA expression vector comprises at least one RNA 
polymerase (I promoter, for example, a human CMVAim- 
mediate early promoter (HCMV^IE) or a simian CMV 
(SCMV) promoter, at least one RNA polymerase I pro- 
nrK>ter. or at least one RNA pdymerase III promoter. The 
promoter may also t>e a T7 promoter, in which case, the 
cell further comprises T7 polymerase. Alternatively, the 
promoter may be an SPG promoter, in which case, the 
cell further comprises SP6 polymerase. The promoter 
may also be one convergent T7 promoter and one cor>- so 
vergent SP6 promoter. A ceil may be made to contain 
T7 or SP6 polymerase by transforming the cell with a 
T7 polymerase or an SP6 polymerase expression plas- 
mid. respectively. In some emtxxliments. a T7 promoter 
or a RNA polymerase 111 promoter is operably linked to ss 
a nucleic add that encodes a small double stranded 
RNA (e.g.. a double stranded RNA that is less than 200, 
150. 100. 75. 50. or 25 nudeotides in length). In other 



emt>odin)ents, ttie promoter is a mitochondrial promoter 
that anows cytoplasmic transcription of the nudeic add 
in the vedor (see, for example, the mitochondrial pro- 
moters described in WO 00/63364, med April 1 9. 2000). 
Alternatively, the promoter is an induable promoter, 
such as a /ac (Cronin et ai. Genes & Devetopment 15: 
1506-1517, 20011 era (Khfebnikav et at. J Baderid, 
2000 Dec;ia2(24):7029-34). ecdysone (Rheogene, 
www.dieogene.Gom), RU4d (mefepristone) (corticos- 
teroid antagonist) (Wang XJ. Uefer KM, Tsai S, OTMalley 
BW. Roop DR. Proc NaU Acad Sci U S A. 1999 Jul 20; 
96(15):8483-8). or tet promoter (Rendal ef a/.. Hum 
Gene Ther. 2002 Jan;13(2):335-42. and Lamarlina ef 
a/.. Hum Gene Ther. 2002 Jan; 13(2): 199-210) or a pro- 
moter disdosed in WO 00/63364. filed April 19. 2000, 
bi desirat)le emtx)dlments, the inducible promoter is not 
induced unfil all the episomal vectors are eiiminated 
from the celL The vector may also oomprtee a selectable 
martcar. In addition, these vectors may t>e used in com- 
bination with niethods that inNbit or prevent an inteif er* 
on response or double strarufed RNA stress response, 
as described herein.' ' 
[0012} Desirably in a vedtorloruse in any of the above 
aspects of the invention, the sense strand and the anti- 
sense strand of the nudeic add sequence are tran- 
scribed lirom the same nudeic add sequence using two 
convergent promoters. In another desirable emtxxfi- 
ment, in a vector for use in any of (he above aspects of 
the invention, the nudeic add sequence comprises an 
inverted repeat, such ttiat upon transcriptkm* the nudeic 
add forms a double stranded RNA. 
(001 3] In still other emt>odiments of any of the at>ove 
aspects of the invention, the cell and the vector each 
further comprise a /oxP site and site-spedfrc integration 
of the nudeic add into a chromosome of the cell occurs 
through recombination between the /oxP sites. In addi- 
tion, step (b)of any of the atx>ve aspects of the invention 
further involves rescuing the nucleic add through Cre- 
mediated double recomt>ination. 
[0014] In still further embodiments of any of the atx>ve 
aspects of the invention, the identified nudeic add se- 
quence is located in the nudeus of the cell. Alternatively, 
the identified nudeic add sequence may be located in 
the cytoplasm of the ceO. 

[001 5] In yet another emtxxliment of any of the above 
aspects of the invention, the nudeic add from the dou- 
t)le stranded RNA expression fit>rary is at least 1 00. 500, 
600. or 1000 nudeotides in length. In other embodi- 
ments of any of the atxyve aspects of the invention, the 
nudeic add from the dout>le stranded RNA expression 
Ubrary is at least 10. 20. 30. 40. 50. 60. 70. 80. or 90 
nudeotides in length. In yet other embodiments, the 
number of nudeotides in the nudeic aad from the dou- 
l>le stranded RNA expression lil>rary is between 5-100 
nudeotides, 15-100 nudeotides, 20-95 nudeotides, 
25-90 riudeotides. 35-85 nudeotides. 45^0 nude- 
otides. 50-75 nudeotides. or 55-70 nudeotides, indu- 
sive. In stiU other embodiments, ttie number of nude- 
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otides in the nudeic add from the double stranded RNA 
expression library is contained in one of the foQowing 
ranges: 5-15 nudeotides. 15-20 nudeotides. 20*25 no- 
deotides. 25*35 nudeotides, 35-45 nudeotides, 45-60 
nudeotides, 60-70 nudeotides, 70-80 nudeotides, 
80-90 nudeotides, or 90-100 nudeotides, indusive. In 
other embodiments, the nudeic acid contains less than 
50.000; 10.000; 5,000; or 2,000 nudeotides. In addition, 
the nudeic add from the double stranded RNA expres- 
sion library may contain a sequence that is less than a 
fun length RNA sequence. 

(0016] In still further embodiments of any of the above 
aspects of the invention, the ceO is a plant cell or an an- 
imal ceB. Desirably the animal ceO is a vertebrate or 
mammalian cen, for example, a human ceQ. The oeB 
may be ex vivo or in viva. The cell may be a gamete or 
a somatic cell, for example, a cancer oeH. a stem oen, a 
cell of the immune system, a neuronal cell, a musde 
cell, or an adipocyte. 

(DDI 7] TransformationAransfeclion of the oeR may oc- 
cur, through a variety of means induding. but not limited 
to, lipofection, DEAE-dextrarwnediated transfection, 
microinieGtion, protoplast fusion, caldum phosptiate 
precipitation, viral or retroviral delivery, electrcH>oration, 
or biolistic transformation. The RNA or RNA expression 
vector (DN A) may be naked RNA or DNA or local anes? 
thetic complexed RNA or ONA (Pachuk et al., Btochtm. 
Blophys. Acta 1468:20-30, 2000). In another embodi- 
ment, the cell is not a C. etegans celt. Desiral)ty the ver- 
tebrate or mammalian cell has t>een cultured for only a 
small number of passages (e.g., less than 30 passages 
of a cell line that has been directly obtained from Amer- 
ican Type Culture Coliection), or are primary cells. De- 
sirably, the vertebrate or mammafian cell is transformed 
with nudeic adds that are not complexed with catkmic 
lipids. 

(001 8] In yet another embodiment of any of the atx>ve 
aspects of the invention, the cell is derived from a parent 
cell, and is generated by. (a) transfbmiing a population 
of parent cells with a bidstronic ptasmid expressing a 
selectable marker and a reporter gene, and comprising 
a loxP site; (b) selecting for a cell in which the plasmid 
is stably integrated; and (c) selecting for a cell in wtuch 
one copy of the piasmid is stably integrated in a tran- 
scriptionally active locus. Desirably the selectable mark- 
er is G4 18 and the reporter gene is green fluorescent 
protein (GFP). 

(0019] In still another embodiment of the above as- 
pects of the invention, generation of thedout)lestrar)ded 
expression library comprises: (a) isolating RNA from a 
cell; (b) synthesizing cONAs from the RNA of step (a); 
and (c) doning each cDNA into a vector. Desirably cD- 
NA synthesis is optimized and/or size seleded for the 
generation and/or selection of cDNAs that are at least 
100. 500, 600, or 1000 nudeotides in length. In other 
embodiments, the cDNAs are least 10. 20. 30. 40, 50, 
60. 70. 80, or 90 nudeotides in length. In yet other em- 
tx>diments, the number of nudeotides in the cONAs is 
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t>etween 5-100 nudeotkies. 15-100 nudeotkles. 20-95 
nudeotides, 25-90 nudeotides, 35-85 ruideolkles. 
45-80 nudeotides, 50-75 nudeotides. or 55-70 mide- 
otides, indusive. In stilt other emtx>diments, the number 
s of nudeotkJes in the cDNAs is contained in oxvo of the 
foQowing ranges: 5-15 nudeotides. 15-20 nudeotides, 
20-25 nudeotides. 25-35 nudeotides. 35-45 nude- 
otkies, 45-60 nudeotides. 60-70 nudeotkles. 70-80 nu- 
deotkles, 80^ nudeotides, or ^100 nudeotkles, ir^ 
10 dusive. In other embocfiments. the cDNAs oorrtain less 
than 50,000; 10,000; 5.000; or 2.000 nudeotkjes. In ad- 
ditkm. the cDNA may encode an RNA fragment that is 
less than full ler>gth. Desirably the vector comprises two 
convergent T7 promoters, two convergent SP6 promot- 
f5 ers,orone convergent T7 promoter andoneoonverger4 
SP6 promoter, a selectable maiker, arxl/or a loxP 
[0020] In an additional embodiment of any of the 
above aspects of the invenfion. the method is earned 
out under corHfitions tfiat inhibit or prevent an interfanon 
response or dout>le stranded RNA stress response. > 
[0021] )n a fourth aspect, the inventton features a 
method for identifymg a nudeic add sequerwe that mod* 
utates the function of a oefl. involving: (a) transforming 
a populatkxi of oeOs with a double stranded RNA that is 
derived from the cells: (b)optiona!ly selecting for a cell 
in which the nudek: add is expressed: and (c) assaying 
for a modulatkm in the functk>n of the cell, wherein the 
modulation klentifies a nudeic add sequence that mod- 
ulates the fiinctkm of a ceQ, wherein the method Is de- 
sirat)ly carried out under conditions that inhitxt or pre- 
vent an inteiferon response or double stranded RNA 
• stress response. 

« [0022] In a desirak)leemt>odiment of the fourth aspect 
of the invention, assaymg for a modulation in the fonc- 
tk)n of a cell comprises measuring cell motility, apopto- 
sis, cell growth, cell invasion, vascularizatk>n, cell cyde 
events, ceil differentiation, cell dedifferentiation, neuro- 
nal cell regeneration, or the atxiity of a cell to support 
viral replicatbn. 
40 [0023] In a fiftti asped. the invention features a meth- 
od for identifying a nudeic add sequence that modu- 
lates expression of a target nudek; add in a cell, involv- 
ing: (a) transforming a populatk>n of ceQs with a double 
stranded RNA that is derived from the cells; (b)optkmally 
45 selecting for a cell in which the nudeic add is expressed; 
and (c) assaying for a rruxiulatkMi in the expresskm of 
the gene in the cell, wherein the nfKxkdation Menttfies a 
- nudeic add sequence that modulates expression of a 
target nudeic add in a cell, wherein the method is de- 
50 sir3t)1y carried out under conditions that inhibit or pre- 
vent an interferon response or double stranded RNA 
stress response. 

[0024] In a desirable embodiment of the fifth asped 
of the invention, the target nudek: add is assayed using 
55 DNA array technology. 

[0025] In a sixth aspect, the invention features a meth- 
od for identifyir)g a nudeic acid sequence that modu- 
lates the t>k}k)gtcal activity of a target polypeptide in a 
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celt, involving: (a) tranSfoiming a population of cells with 
a double stranded RNA that Is derived from the cells: 
(b)optionany selecting for a cell in which the nudeic add 
is expressed in the cell; and (c) assaying for a modula- 
tion in the tnolo^cal activity of a target polypeptide in 5 
the cell, wherein the modulation identifies a nudeic add 
sequence that modulates the Ixological activity of a taf< 
get polypeptide in a cell, wherein the method is desiratily 
carried out under conditions that inhit>it or prevent an 
interferon response or dotJble stranded f^NA stress re- io 
sponse. 

[0026] In a seventh aspect, the invention features a 
method for identifying a nudeic add sequence that mod- 
ulates the function of a cell, involving: (a) transforming ' 
a population of cells with a doutile stranded RNA; (b) 
optionally selecting for a cell in wtiich the nudeic add is * 
expressed; and (c) assaying for a modulation in the ■ 
function of the cell. Desirably, the modulation identifies 
a nudeic add sequence that modulates the function of 
a ceil, wherein the method is desirably carried out under 20 
conditions that or prevent an interferon response ordou- 
bie stranded RNA stress response. ' " 

[0027] In a desirat>le emtxxliment of the seventh as- 
ped of the invention, assaying for a modulation in the - 
function of a cell comprises measuring cell motility, ap- 25 
optosis. ceO growth, cell invasion, vascularization. ceQ ' 
cyde events, cell differentiation, cell dedifferentiation, 
neuronal cell regeneration, or the ability of a cell to sup- - 
port viral replication. 

[0028] In a eighth aspect, the invention features a 30 
method for identifying a nudeic add sequence that mod- <. 
ulates expression of a target nudeic add in a cell, irv • 
volving: (a) transformirtg a population of cells with a dou- 
ble stranded RNA; (b)optionany selecting for a cell in 
which the nudeic add is expressed; and (c) assaying 35 
for a modulation in the expression of the gene in the cell, 
wherein the modulation identifies a nudeic add se- 
quence that modulates expression of a target nudeic ' 
add in a cell. Desirably, the method is carried out under 
conditions that inhitNt or prevent an interferon response ^ 
or double stranded RNA stress response. 
[0029] In a desirat)le emtXKlinnent of the eighth asped 
of the invention, the target nudeic add is assayed using 
DNA array technology. 

[0030] In a ninth aspect, the invention features a 45 
method for identifying a nudeic add sequence that mod- 
ulates the tNological activity of a target polypeptide in a 
cell, involving: (a) transforming a population of celts with 
a double stranded RNA; (b)optionany selecting for a cell 
in which the nudeic add is expressed in the oeH; and (c) so 
assaying for a modulation in the biological acth^ity of a 
target pdypeptide in the cell, wherein the modulation 
identifies a nudeic add sequence that modulates the 
tMological activity of a target polypeptide in a ceB. Desir- 
ably, the method Is carried out under conditions that in- 55 
hit}tt or prevent an interferon response dout>le stranded 
RNA stress response. 

[0031] In one embodirnent of any of the above as- 



pects of the invention. In step (a) at least 2, more desir- 
abty 50; 100: 500: 1000; 10,000; or 50.000 caOs of the 
population of cells are each transformed with a diffiarenl 
double stranded RNA from a double stranded RNA ax- 
pression library. Desirably, at most one double stranded 
RNA is inserted into each cell. In other embodiments, 
the population of cells is transformed with at least 5%, 
more desirably at least 25%. 50%, 75%. or 90%. and 
most desirably, at least 95% of the double stranded RNA 
expression Gbrary. In still anoOier embodiment of any of 
the fburth. fifth, or sbdh aspects of the invention, the 
method further involves: (d) identifying the nudeic add 
sequence by ampfifying and doning the sequence. De- 
sirat)ly amplification of the saquer>ce involves the use of 
the polymerase chain readioh (PCR). •« 
{OQZZ\ In a tenth aspect, the invention features a ceQ 
or a population of oeQs that expresses a dout)le stranded 
RNA that (i) nrKXlulates a function of the cell. (HVokxIu* 
lates the expression of a target nudeic add (e.g.. an en- 
dogenous or pathogen gene) in tiie ceD, and/or (iii) mo^ 
ulates the t>idogical activity of a target protein (e.g., an . 
endogenous or pathogen protein) in tiie cell Desirably, 
the cell contains only one molecular spedes of double 
stranded RNA or only one copy of a doutile stranded 
RNA expression vector (e.g.. a stably integrated vector). 
Oesirat)ty. the cell or population of ceils is produced us- 
ing one or more methods of the invention. In other em- 
txxfiments. the dout>Ie sbanded RNA is expressed ur>- 
der conditions that inhibit or prevent an interferon re- 
sponse or a double stranded f^NA stress response 
[0033] In otiier embodiments of any of the fourth, fifth, 
sixtii. seventh, eighth, nintfi, or tenth aspects of the irv 
vention. the double stranded RNA is derived from cD- 
NAs or randomized nudeic adds. In addition, the double 
strarxfed RNA may be a cytoplasmic dout>le stranded 
RNA, in which case the double stranded nudeic add is 
made In the cytoplasm. The double stranded RNA may 
t>e made in vitro or in vivo, in addition, the identified nu- 
deic add sequence may be located in the cytoplasm of 
the cell. 

[0034] In still another embodiment of any of the fourth, 
fifth, sixth, seventh, tighth. ninth, or tenth aspects of the 
invention, the nudeic add is contained in a vector, for 
example, a dout^le stranded RNA expression vector that 
is capable of forming a dout>le stranded RNA. Desirably 
the double stranded RNA expression vector comprises 
at least one promoter. The promoter may be a T7 pro- 
moter, in which case, the ceil further comprises T7 
polymerase. Alternatively, the promoter may be an SP6 
poynoter. in which case, the ceO further comprises SP6 
polymerase. The promoter may also t>e one convergent 
T7 promoter and one convergent SP6 promoter. A cell 
may be made to contain T7 or SP6 polymerase trans- 
forming the cell with a T7 polymerase or an SP6 
polymerase expression plasmid. respectively. The vec- 
tor may also comprise a selectat^le marlcer, for example 
hygromydn. 

[0035] Desirably in a vector for use in any of the fourth. 
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fifth, sbdh, seventh, eighth, ninth, or tenth aspects of the 
invention, the sense strand and the antisense strand of 
the nudeic add sequence are transcribed from the 
same nucleic add sequence using two convergent pro- 
moters. In another desirable emtiodiment, in a vector for 
use in any of the atx>ve aspects of the invention, the 
nudeic add sequerice comprises an inverted repeat, 
such that upon transofption. the nudeic add forms a 
double stranded RNA. 

(0036] In yet another embodiment of any of the fourth, 
fifth, sixth, seventh, eghth. ninth, or tenth aspects of the 
invention, the double stranded RNA is at least 100, 500. 
600. or 1000 nudeotides in length. In other embodi- 
ments of any of the fourth, fifth, or sixth aspects of the 
invention, the double stranded RNA is at least 10, 20, 
30, 40, 50, 60, 70. 80, or 90 nudeotides in length. In yet 
other emt>odiments. the number of nudeotides in the 
doul>le stranded RNA is between 5-100 nudeotides. 
15-100 nudeotides, 20-95 nudeotides, 25-90 nude- 
otides. 35-85 nudeotides. 45-80 nudeotides. 50-75 ntH 
deotfdes. or 55-70 nudeotides. Indusive. In stIO other 
embodiments, the number of nudeotides in the double 
stranded RNA Is contained in one of the following rang- 
es: 5-15 nudeotides. 15-20 nudeotides. 20-25 nude-' 
otides. 25-35 nudeotides. 3&4S nudeotides. 45^ nu- 
deotides. 60-70 nucleotides, 70-80 nudeotides. 80^ 
nudeotides, or 90-100 nudeotides. indusive. In other 
embodiments, the double stranded RNA contains less 
than 50.000; 10,000; 5.000; or 2.000 nudeotides. In ad- 
dition, the double stranded RNA may contain a se- 
quence that is less than a foil length RNA sequence. 
[0037] In still forther embodiments of any of the fbuilh. 
fifth, sixth, seventh, eighth, ninth, or tenth aspects of the 
invention, the cell is a plant cen or an animal cell. Desir- 
ably the animal cell is a vertebrate or mammalian oeD, 
for example, a human cell. The ceH may l>e ex vfvoor M 
WML The cell may be a gamete or a somatic celt, for 
example, a cancer cell, a stem cell, a ceO of the immune 
system, a neuronal oen. a muscle cell, or an adipocyte. 
[0038] In other embodiments of any of the first, sec- 
ond, third, seventh, eighth, ninth, or tenth aspects of the 
invention, the double stranded RNA is derived from a 
cell or a population of cells and used to trarisfonn an- 
other cell population of either the same ceil type or a 
different cell type. In desirable emt>odiment8, the trans- 
formed cell population contains cells of a cell type that 
is related to the cell type of the cells from wtiich the dou- 
ble stranded RNA was derived (e.g., the transforniation 
of cells of one neuronal cell type with the double strand- 
ed RNA derived from cells of another neuronal cell type). 
In yet other embodiments of any of these aspects, the 
double stranded RNA contains one or more contiguous 
or non-contiguous positions that are randomized (e.g.. 
by chemical or enzymatic synthesis using a mixture of 
nudeotides that may t>e added at the randomized posi- 
tion). In still other embodiments, the double stranded 
RNA is a randomized nudeic add in which segments of 
ribonudeoddes and/or deoxyribonudeotides are ligated 



to fonn the double stranded RNA. 
[0039] In other embodiments of any of various as- 
pects of the invention, the double strarvjed RNA specif- 
ically hyt)ridizes to a target nudeic add tnit does voi 

5 sutistantiafly hybridize to non-target molecules, which 
include other nudeic adds in the cell or tMological sam- 
ple having a sequence that is less than 99. 95. 90. 80. 
or 70% identical or complementary to that of the target 
nudeic add. Oesirat)}y. the amount of the these non-tar- 

10 get molecules hytsridized to. or associated with, the dou- 
ble strarided RNA, as measured usir^g standard assays, 
is 2-f61d, desif^ly 5-fold, more desirably lO-fold. and 
most desirably 50-fold lower than the amount of the tar- 
get nudeic add hyt)ridized to, or assodated with, the^ 

15 double stranded ' RNA. In other emt>odiments. the 
amount of a target nudeic add hybridized to, or assod- 
ated with, the double strarKied RNA. as measured using 
standard assays, is 2-fold, desirably 5-fold, more desir- ' 
ably 10-fold, and most desirat>fy 50-fokJ greato- than the 

20 ' amount of a contrd nudeic add hybridized to, or asso- - 
dated with, the double stranded RNA. Desirably, the^ 
dout)le stranded RNA only hybridizes to one target nu- * 
dele add from a ceU under denatimng. high stringency 
hybridization conditions. In certain embodiments, the 

25^ double stranded RNA is sulistantially hontdogous (e.g.. 
at least 80» 90. 95. 98.or 1 00% homologous) to only one ' 
target nucleic add from a celt. In other emtxNfiments. 
the double stranded RNA is homologous to multiple ' 
RNAs. such as RNAs from the same gene famSy. In yet 

30 -other embodiments, the dout)le stranded RNA is homol- 
ogous to distinctty different mRNA sequences from 
genes that are sintilarty regulated (e.g.. developmental, 
chromatin remodeling, or stress response induced). In 
other embodiments, the double stranded f^f^ is homol- 

^ ogous to a large numk>er of fU4A molecules, such as a 
double stranded RNA designed to induce a stress re- 
sponse or apoptosis. In other emtxxliments. the percent • 
* decrease in the expression of a target nudeic add is at 
least 2. 5. 10, 20, or 50 fold greater than the percent 

40 decrease in the expression of a non-target or contrd nu- 
deic add. Desirably, the double stranded RNA inhtt»ts 
the expression of a target nucleic add but has negligible, 
if any, eftect on the expression of other nudeic adds in 
the ce8. Examples of control nudeic adds indude nu- 

4S deic adds with a random sequence or nudeic adds 
kr)own to have little, if any. affinity for the dout>le strand- 
ed RNA. 

[0040] In other embodiments of any of various as- 
pects of the invention, at most one molecular spedes of 

so doutiie stranded RNA is inserted into each cell. In other 
embodiments, at most one vector is stably integrated 
Into the genome of each cell, in various embodiments, 
the double stranded RNA is active in the nudeus of the 
transformed cell and/or is active in the cytoplasm of the 

55 transformed cell. In various emtxxiiments. at least 1,10. 
20, 50, 100. 500. or 1000 cells or all of the ceQs in the 
population are seleded as cells that contain or express 
a double stranded RNA. In some embodiments, at least 
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1. 10. 20. 50. 100. 500. or 1000 cefls or aS of the cells 
in the population are assayed for a modulation in the 
function of the cell, a modulation in the expression of a 
target nudetc add (e.g.. an endogenous or pathogen 
gene) in the cett. and/or a modulation in the t)iological 
activity of a target protein (e.y., an endogerxxis or path- 
ogen protein) in the cell. 

(0041] In other emtxxliments, the daut}le stranded 
RNA or double stranded RNA expression vector is com- 
ptexed with one or more cationic Hpids or cationic am- 
phiphites, such as the compositions disdosed in US 
4.897.355 (Eppstetn efa/.. fUed Octot>er 29. 1987). US 
5.264.618 (Feigner et a/., filed April 16. 1991) or US 
5.459. 1 27 (Feigner et a/,, filed September 1 6, 1 993). In 
other emt)odiments, the double stranded RNA or double 
stranded RNA expression vector is oomplexed with a 
liposomes/liposomic composition that indudes a catiof>- 
ic lipid and optionally indudes another component such 
as a neutral lipid (see. for example. US 5.279.833 
(Rose). US 5.283.185 (Epand). and US 5.932.241). In 
yet other embodiments, the double stranded RNA or 
double stranded RNA expression vector is oomplexed 
with any other composition that Is devised by one of or- 
dinary skill in the fields of pharmaceutics and molecular 
biology. 

[0042] Desirably, the double stranded RNA specifical- 
ly hybridizes to a target nudeic add but does mA sub- 
stantially hybridize to rK)n-target molecules, which in- 
dude other nudeic adds in the cell or biological sample 
tiaving a sequence that is less than 99. 95. 90, 80. or 
70 % identical to or complementary to that of the target 
nudeic add. In other embodiments, the percent de- 
crease in the expression of a target nudeic add is at 
least 2. 5. 10. 20. or 50 fdd greater than the percent 
decrease in the expression of a non-target or control nu- 
deic add. Desirat>ly. the double stranded RNA Inhibits 
the expression of the target nudeic add txit has negli- 
gible, if any, effed on the expression of other nudeic 
adds in the cell. 

(0043] TransformationAransfection of the cell may oc- 
cur through a variety of means induding, but not limited 
to. lipofection. DEAE-dextran-mediated transfection. 
microinjection, protoplast fusion, caldum phosphate 
predpitatton. viral or retroviral delivery, electroporation, 
or bidistic transformation. The RNA or RNA expression 
vector (DNA) may be naked RNA or DNA or k>cal anes- 
thetic complexed RNA or DNA (Pachuk ef a/., supra). In 
yet another embodiment, the cell is not a C. elegans cell. 
Desirably the vertebrate or mammalian cell has been 
cultured for only a small number of passages (e.g.. less 
than 30 passages of a ceil tine that has been directly 
obtained from American Type Culture Cdlection). or are 
primary ceDs. In addition, desirat>ty the vertebrate or 
mammalian cell is trartsformed with double stranded 
RNA that is r)ot complexed with cationic lipids. 
(0044] The transcription systems described herein 
provide advantages to other double stranded expres- 
sion systems. Following transformation of the double 



stranded RNA library, cells contain hundreds to thou- 
sands of double stranded RNA expression cassettes, 
with concomitant expression of that many expression 
cassettes, in the dout>le strarKled RNA expression sys- 

5 tem of the present invention, dout)le strartded RNA 
(dsRNA) expressk>n cassettes contained vMtNn the ex- 
pression vedor integrate into the chromosome of the 
transfected c^t. Desirably, every transformed cell inte- 
grates one of the dout)le stranded expression cassettes. 

10 TTvough expansion of the transformed ceO. episomal 
(non-integrated) expression vedors are diluted out of 
the ceti over time. Dedrably no transcription occurs until 
/ the episomal expression vectors are diluted out of the 
cell, such that not more ttian 5 episomal vectors remain 

19 in the cell. Most desirably, no transcription occurs until 
all of the episomal vectors have been diluted out of the 
cell, and only the integrated expression cassette re- 
mains. The time it takes for all episomal vectors to be 
removed from the cell is proportional to the replk:ation 

20 rate of the transformed cell, and is generafly on the order 
of two to several weeks of ceD culture and growth. Tlie 

• nurribers of copies of a dsRNA molecule in a trans- 
fomied oen can be determined u^ng. for example, 
standard PGR techniques, and theret>y, the number of 

2S. episomal vectors in a given ceD can tw monitored. 
[0045] Once a stable integrant containkig five or few- 
er, and desirably no episomal expression vectors, Iran- 
scriplksn is induced. aBowing dsRNA to be expressed in 
the cells. This method ensures that, if desired, orHy one 

30 spedes or not more than about five species of dsfWA 
is expressed per cell, as opposed to other methods that 
. express hundreds to thousands of double stranded spe- 
des. 

" {0046] Another problem Oiat can occur in other double 
3S stranded expresskm systems or dsRNA delivery sys- 
tems is that some dsRNA sequences, possibly in cert^n 
cell types and through certain delivery methods, may re- 
sult in an interferon response (Jaramillo ef a/.. Cancer 
Invest 13:327-338. 1995). During the induction of post- 
40 transcriptional gene silendng events, induction of an in- 
terferon response is not desired, as this could lead to 
cell death arxl possibly to the preventk>n of gene silenc- 
ing. An additional advantage of the present invention is 
thai the dsRNA defivery methods described herein are 
45 performed such that an interferon response is inhikxted 
or prevented. 

[0047] One of the components of an interferon re- 
sponse is the induction of the tnterferon-induced protein 
kinase PKR (Jaramilk) ef ai, supra). Suppression of the 

50 interferon response and/or the PKR response, us'mg 
techniques described herein, is desired in the cells tar- 
geted for a PTGS event in Uiose instances where an 
interferon response would otherwise be induced. Meth- 
ods for suppressing an interferon response or dsRNA 

55 stress response can t>e used in comt^ nation with any of 
tile methods for identifying a nudeic add sequence that 
modulates the function of a cell, gene expression in a 
cell, or the biok>gical activity of a target polypeptide. 
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(0048] The methods of the present invention provide 
a means for high throughput identificab'on of nudefc add 
sequences involved in modulating Ihe function of a ceQ, 
the expression of a target nucleic add tn a cell, or the 
iMological activity of a target polypeptide in a ceO. By 
transfomitng a population of cells with a dout)le stranded 
RNA expression Hbrary, the effects of many PTGS 
events on cell function, expression of a target nud^c 
add in a ceQ, or the tMological activity of a target polypep- 
tide in a ceO can be evaluated simultaneously, thereby 
allowing for rapid identification of the nudeic add se- 
quence irwolved in a cell function, target nud^c add 
expression, or biological activity of a target polypeptide 
of interest.' 

[0049] By *nudeic add,* *nudeic add sequence,* 
'double stranded RMA ruideic add sequence* or *dou- 
bie stranded RNA ruideic add* is meant a nucleic add 
or a portion thereof that is free of the genes that, in the 
naturaHy-occunlng genome of the organism from wtiich 
the rujdeic add sequence of the invention is derived, 
flank the gene. The term therefore indudes, for exam- 
ple, a recombinant DMA. withorwtthoutS'orTfianicing 
sequences ttiat is inoorporated into a vector, for exam- 
ple, a double stranded RNA expression vedon into an 
autonomously repficating plasmid or virus; or into the 
genomic ONA of a prolcaryote or etjkaryote; or wtiich ex- 
ists as a separate molecule (e.9., a cDNA or a genomic 
or cDNA fragment produced by PGR or restriction en- 
donudease digestion) independent of other sequences. 
[0050] By 'double stranded RNA* is meant a nucleic 
add containing a region of two or more nudeottdes that 
are in a double stranded conformation. In various em- 
bodiments, the double stranded RNA consists entirely 
of ntxjnudeotides or cor\sists of a mixture of ribonude- 
otides and deoxynudeotides, such as Ihe RNA/DNA hy- 
brids disdosed. for example, tsy WO 00/63364. filed 
April 19. 2000 or U.S.S.N, 60/130.377. filed /Vpnl 21. 
1999. The double stranded RNA may be a single mole- 
cule with a region of self-complimentarity such that nu- 
deotides in one segment of the molecule base pair with 
nudeotides in another segment of the molecule. In var- 
ious emt>odiments. a double stranded RNA that consists 
of a single molecule consists entirely of ribonucleotides 
or induces a region of ribonudeotides (hat is compli- 
mentary to a region of deoxynt>onudeoUdes. Alterna- 
tively, the dout>(e stranded RNA may indude two differ- 
ent strands that have a region of complimentarity to 
each other. In various emt>odiments, both strands con- 
sist entirely of ribonucleotides, one strand consists en- 
tirely of ribonudeotides and one strand consists entirely 
of deoxyribonudeotides, or one or both strands contain 
a mixture of ritxuiudeotides and deoxyrit>onudeotides. 
Desirably, the regions of complimentarity are at least 70, 
80. 90. 95. 98, or 100% complimentary. Desirably, the 
region of the double stranded RNA that is present In a 
double stranded conformation indudes at least 5, 10, 
20. 30, 50. 75.100, 200, 500, 1000. 2000 or 5000 nude- 
otides or indudes all of the nudeotides in a cONA being 



represented In the double strartded RNA. tn some em- 
bodments. the double stranded RNA does rtot contain 
any single stranded regions, such as single stranded 
ends, or the double stranded RNA is a hairpin. Desirable 

s RNA/DNA hybrids indude a DNA strand or region that 
is an antisense strand or region (e.g. has at least 70, 80, 
90. 95, 98. or 100% comp&mentary to a target nudeic 
add) and an RNA strand or region that is an sense 
strand or region (e.g, has at least 70, 80. 90. 95, 98. or 

to 100% identity to a target nudeic add). In various em- 
bodiments, the RNA/DNA hyt>rid is made in vitro using 
enzymatic or chemical synthetic methods such as those 
described herein or those descrit>ed in WO 00/63364; 
fOed April 19. 2000 or U.S.S.N. 60/130.377, filed April 

IS 21,1 999. In other emt>odiments, a DNA strand synthe- 
sized in vitfo is complexed with an RNA strand made in 
ypfo or in vitro before, alter, or coocurrent with the trans- 
formation of the DNA strand into the oeH tn yet other 
embocfiments. the dout>le stranded RNA is a single cvf- 

20 cutar nud^ add containing a sense and an antisense 
. re^on. or the dout>fe stranded RNA irniudes a circular 
nudetc add and either 8 seoond dfctilarnudeic add or 
a linear nudeic add (see. for example, WO 00/63364» 
filed April 19, 2000 or U.S.S.N. 60/130,377, filed Apifl 

25 21, 1999.) Exemplary drcUtar nudeic adds indude lariat 
structures In which the free 5* phosphoryl group of a nu- 
deotide becomes linked to the 2* hydroxyl group of arir 
other nudeotide in a loop.t>ack fashion. 
[0051] In other emtwcfiments, tfie doutile stranded 

30 RNA Indudes one or more modified nucleotides in which 
the 2* position in the sugar contains a halogen (sudi as 
flourine group) or contains an alkoxy group (such as a 
methoxy group) which increases the half-4ife of the dou- 
tAe stranded f^NA in vitro or in vivo compared to the oor^ 

35 responding double stranded RNA in which the corre- 
sponding 2* position contains a hydrogen or an hydroxyl 
group. In yet other emtxxjiments, the double stranded 
RNA indudes one or more linkages between adjacent 
nudeotides other than a naturally-occurring phosphodi- 

M ester linkage. Examples of such linkages indude phos- 
phoramide, phosphorothioate. and phosphorodithk>ate 
linkages. In other emt)odiments, the double stranded 
RNA contains one or two capped strands, as disdosed, 
f^r example, by WO 00/63364. Hied April 19. 2000 or U. 

45 S.$.N. 60/1 30.377. filed April 21.1 999. In ottier embod- 
iments, the double stranded RNA contains coding se- 
quence or norvcoding sequence, for example, a regu- 
latory sequence (e.g.. a transcription factor t>inding site, 
a promoter, or a 5' or 3' untranslated region (UTR) of an 

50 mRNA). Additionally, the double stranded RNA can t>e 
any of the at least partially double-stranded RNA mde- 
cules disdosed in WO 00/63364. filed /\pn1 19, 2000 
(see. for example, pages 8-22). Any of the double 
stranded RNAs may be expressed in vitro or in vivo us- 

55 ing the methods described herein or standard methods, 
such as those described in WO 00/63364. filed April 19, 
2000 (see, for example, pages 16-22). 
[0052] By 'double stranded RNA expression library* 
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or "dsRNA expression Itorary* is meant a ooDectton of 
nucleic add expression vectors containing nucleic add 
sequences, for example, cONA sequences or rand- 
omized nucleic add sequences that are capable of form- 
ing a double stranded RNA (dsRNA) upon expression 
of the nudeic add sequence. Desirat>)y the dout>le 
stranded RNA expression library contains at least 
10.000 unique nudeic add sequences, more desirably 
at least 50,000: 1 00,000; or 500.000 unique nudeic add 
sequences, and most desirably, at least 1.000.000 
unique nudeic add sequences. By a "unique nudeic ac- 
id sequence* is meant that a nucleic add sequence of 
a double stranded RNA expression library has desirably 
less than 50%. more desirably less than 25% or 20%. 
and most desirably less than 10% nudeic add identity 
to another nudeic add sequence of a double stranded 
RNA expression library when the full length sequence 
are compared. Sequence identity is typically measured 
using sequence analysis software with the default pa- 
rameters spedfied therein (e.g.. Sequence Analysis 
Software Package of the Genetics Computer Group, 
University of Wisconsin Biotechnology Center, 1710 
University Avenue, Madison. Wl 53705). This software 
program matches simitar sequences by assigning de- 
grees of homology to various substitutions, deletions, 
and other modifications. 

[0053] The preparation of cONAs for the generation 
of double stranded RNA expression lit>raries is de- 
$crit>ed herein. A randomized nudeic add library may 
also be generated as described in detail below. The dou- 
ble stranded RNA expression library may contain nude- 
ic add sequences that are transcritsed in the nucleus or 
that are transcrtt>ed In the cytoplasm of the cell. A double 
stranded RNA expression library may be generated us- 
ing' techniques descrit>ed herein. 
{0054) By "target nudeic add" is meant a nudeic add 
sequence wtwse expression is modulated as a result of 
post-transcriptioriai gene sitendng. As used herein, the 
target nudeic add may t>e in the cell in which the PT6S 
event occurs or it may t>e in a neighboring cell, or in a 
cell contacted with media or other extracellular fluid in 
which the cell that has undergone the PTGS event is 
oontairwd. Exemplary target nudeic adds indude nu- 
deic adds assodated with cancer or atMiormal cell 
growth, such as oncogenes, and nucleic adds assod- 
ated with an autosomal dominant or recessive disorder. 
Desirably, the double stranded RNA inhibits the expres- 
sion of an allele of a nudeic add that has a mutation 
assodated with a dominant disorder and does not sut>- 
stantiaily inhibit the other allele of the nudeic add (e.g, 
an allele without a mutation assodated with the disor- 
der). Other exemplary target nucleic acids indude host 
cellular nudeic acids or pathogen nudeic adds required 
for the infection or propagation of a pathogen, such as 
a virus, bacteria, yeast, protozoa, or parasite. 
[0055] By 'target polypeptide" is meant a polypeptide 
whose biological activity is modulated as a result of post- 
transcriptiorial gene silencing. As used herein, the tai^et 



polypeptide may be ki the cell in wtuch the PTGS event 
occurs or it may t>e in a neightxmng ceU. orin a cell cor>- 
taded with media or other extracellular fluid in which the 
ceil that has undergone the PTGS event Is contairied. 

5 [0056] As used herein, by Yandomized nud»c adds* 
is meant nudeic adds, for example, those that are at 
least too, 500. 600. or 1000 nudeotides in lengtfi. con- 
struded from RNA isolated from a particular cell type. 
In other emtxxfiments. the nudeic adds are at least 10, 

10 20. 30. 40. 50. 60. 70, 80. or 90 nudeotides in length. 
In yet other emtxxJiments. the number of nudeotides in 
the nudeic adds is between 5-1 00 nudeotides, 1 5-100 
nudeotides, 20-95 nudeotides. 25-90 nudeotides, 
35^5 nudeotides. 45-60 nudeotides, 50-75 mide> 

15 otides. or 55-70 nudeotides. indusrve. In still other en>- 
t>odiments, the number of nudeotides in the nudeic ac- 
ids is contained in one of the following ranges: 5-1 5 nu- 
cleotides, 15-20 nudeotides, 20-25 mideotides, 25-35 
nudeotides, 35-45 rujdeotides, 45-60 nudeotides* 

20 60-70 nucleotides. 70-80 nudeotides, 80-90 nude-' 
otides. or 90-100 mideotides. induce. In other embod- 
iments, the nucleic adds contain less than 50.000; • 
10,000; 5.000; or 2.000 nudeotides. A randomized nu- 
deic add library may be constructed in a numt>er of 

25 ways. For example, it may be constructed from existing 
cONA libraries. In one example, the cDNA ibraries are 
• shuffled using the *Gene Shuffling" technology of Max- 
ygen Corp. The cDNA sequences are amplified using 
irrafTident PGR either by restricting elongation time or 

30 through the use of mar^anese. A tHbrary of reoom- 
t)inants is created, and the library is finally ampfified t>y 
PCR and doned hto vectors. In a second method, ex- 
isting cDNA litNBries are digested with an endonudease 
to generate fragments of 10 to 300 base pairs. Altema- 

35 tively, the cONA ta>raries are digested to generate short- 
er fragments erf. for example. 5to 50 t)ase pairs. 5 to 40 
base pairs. 5 to 20 base pairs. 5 to 10 t>ase pairs, or 10 
to 20 t>ase pairs, indusive. If the fragments are to con- 
tain 5* OH and 3' PO4 groups, they are dephosphorylat- 

^ ed using alkafine phosphatase and phosphorytated us- 
ing polynudeotide kinase. These dsONA fragments are 
then ligated to form larger mdecules. and are size se- 
lected. In a third example, randomized nudeic add fi- 
braries are created by using random priming of cONA 

*s libraries (using random hexamers an6 Klenow) to gerv 
erate short fragments of 20 to 100 nudeotides. Alterna- 
tively, shorter fragments are generated ti^at contain, for 
example. 5 to 50 nudeotides. 5 to 40 nudeotides. 5 to 
20 nudeotides. 5 to 10 nudeotides. or 10 to 20 nude- 

50 otides. indusive. These fragments are then ligated ran- 
domly to give a desired sized larger fragment 
[0057] Altematively, a randomized nudeic add library 
can be generated from random sequences of otigonu- 
deotides. For example. DNA or RNA oligonudeotides 

55 rnay t>e prepared chemically. Random DNA sequences 
may also be prepared enzymaticaUy using terminal 
transferase in the presence of an dNTPs. Random RNA 
molecules may be prepared using NDPs and NOP phos- 
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phorytase. The random sequences may be 10 to 300 
bases in length. Attemativety. shorter random sequenc- 
es are used that contain, for example. 5 to SO t>ases. 5 
to 40 bases. 5 to 20 bases, 5 to 10 bases, or 10 to 20 
bases, inclusive. The sequences are Mgated to fbnn the 
desired larger sequence using RNA ligase. Altematively 
these sequences may be ligated chemically. The oitgo- 
nudeotides are phosphorylated at the 5* position using 
polynucleotide kinase or by chemical methods, prior to 
ligation enzymatically. Chemical ligations can utilize a 5* 
PO4 and a 3' OH group or a5* OH and a 3* PO4 group. 
{0058] AttemaGvely. a randomized nudetc add fibrary 
can be generated by convefting the random DMA se< 
quences into dsDr4A sequences using ONA polymerase 
(Klenow). dNTP and random heteromeric pnmers. and 
the RNA sequences are converted into dsONA se- 
quences by reverse transcriptase and Klenow. After 
converting into DNA (ss or ds) the sequences are then 
amplified by PGR. The dsDNA fragments can also be 
ligated to give larger fragments of a desired size. 
[0059] The randomized nudeic adds may t>e doned 
into a vector, for example, an expression vedor, as a 
double stranded RNA transcription cassette. The se- 
quence of the nudeic add may not be known at the time 
the vector is generated. The randomized nudeic add 
may contain coding sequence or norv-coding sequence, 
for example, a regulatory sequence (e.g.. a transcription 
factor binding site, a promoter, or a 5' or 3* untranslated 
region (UTR}of an mRNA). 

[0060] By *Cre-mediated double recombination* is 
meant two nudeic acid recombination events involving 
toxP sites that are mediated by Cre reoomtunase. A Cre- 
medialed double reoontbination event can occur, for ex- 
ample, as illustrated in Fig. 1. 

[0061] By ""function of a ceir is meant any cell activity 
that can be measured or assessed. Examples of cell 
function include, but are not limited to. cell motility, ap- 
optosis, ceH growth, cell invasion, vascularization, cell 
cyde events. oeD differentiatran. ceU dedifferentiatton, 
neuronal cell regeneratbn, and the a>)i1ity of a cell to 
support viral repfication. The function of a cell may also 
t>e to affect the functwn, gene expression, or the 
polypeptide t>iok>gical activity of another cell, for exam- 
ple, a neight>oring cell, a cell that is contaded with the 
cell, or a cell that is contacted with media or other ex- 
tracellular fluid that the cell is contained in. 
[0062] By "apoptosis" is meant a ced death pathway 
wherein a dying cell displays a set of well-charaderized 
biochemical hallmarks that include cytolemmal mem- 
t>rane blobbing, cell soma shrinkage, chromatin con- 
densation, nudear disintegration, and DNA laddering. 
There are many well-known assays for determining the 
apoptotic state of a celt, induding, and not limited to: 
reduction of MTT tetrazdium dye, TUNEL staining. An- 
nexin V staining, propidium kxJide staining, ONA ladder- 
ing, PARP deavage, caspase activatk>n, and assess- 
ment of cellular and nudear morphok>gy. Any of these 
or other known assays may t>e used in the metfmds of 



the inventkm to determine whether a ceH is undergoing 

apoptosis. 

[0063] By "poiypepfade biological adrvity" is meant the 
abffity of a target polypeptkJe to modulate cell fundk>n. 
s The level of polypeptide biok^gical activity may be dired- 
ly measured using standard assays known in the ait 
For example, the relative level of polypeptxje bk>k>gical 
activity may l>e assessed by measuring the level of Oie 
mRNA that encodes the target polypeptkle (ag.. by re- 

19 verse transcription-polymerase chain reaction 
(RT-PCR) amplificatkxi or Northern t>k>t analysis); tfte 
level of target polypeptkle (e.g., by ELISA or Western 
t)tot analysis); the activity of a reporter gene under the 
transcriptiona! regulation of a target pdypeptide tran- 

is scriptional regulatory regk>n (e.g.. by reporter gene as- 
say, as descrit>ed beiow); the specific interactkMi of a 
target potypeptkJe with another molecule, for example, 
a polypeptide that ts activated tjy the target polypeptide 
or that inhibits the target polypeptide activity (e.g.. by 

20 the two-hytxid assay); or the phosphorylation or glyoo* 
sylation state of the target polypeptide. A compournl, 
such as a dsRNA, that increases the levd of the target 
polypeptkle, mRNA enco<fing the target pdypeptkie. or 
reporter gene activity within a cell, a cell extract, or other 

25- experimental sample is a compound that stimulates or 
increases the biologk:al activity of a target polypeptide. 
A compound, such as a dsRNA. that decreases the level 
of the target polypeptide, mRNA encoding the target 
polypeptide, or reporter gene activity within a cefl. a ceH 

30 extract, or other experimental sample is a compound 
that decreases the bk)k)gical activity of a target polypep- 
tide. 

[0064] By "assaying" is meant analyzing the effect of 
a treatment, be it chemical or physical, administered to 

35 wtK>le animals, cells, tissues, or molecules derived 
therefrom. The material being analyzed may be an an- 
imal, a ceO, a tissue, a lysate or extract derived from a 
cell, or a moleoule derived from a cell. The analysis may 
l>e, for example, for the purpose of deteding altered ceO 

40 function, altered gene expression, altered endogenous 
RNA stability, altered polypeptide stat)ility, altered 
polypeptkle levels, or altered polypeptide tMOtogicskI ac- 
tivity. The means for analyzing may indude, for exam- 
ple. antitKxIy labeling, immunopredpitation. phosphor* 

45 yiafion assays, glyoosylafion assays, and mettiods 
known to those skilled in the art for deteding nudeic 
adds. In some emt>odlments. assaying is conduded un- 
der selective conditbns. 

[0065] By 'modulates* is meant changing, either by a 
50 decrease or an increase. As used herein, desirably a 
nudeic add sequence decreases the function of a ceD, 
the expression of a target nudeic add in a cell, or tiie 
bidogk:al activity of a target polypeptide in a cell by least 
20%, more desirably by at least 30%. 40%, 50%. 60% 
55 or 75%. and most desirably by at least 90%. Also as 
used herein, desirably a nudeic add sequence increas- 
es the function of a cell, the expression of a target nu- 
deic add in a cell, or the biotogical activity of a target 
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polypeptide in a o60 by at least 1.5-lold to 2-46ld. more 
desirably by at least 34Dld, and most desirably by at 
least &-foid. 

[0066] By *a decrease* is meant a lowering in the lave! 
of: a) protein {e.g. . as measured t)y EUSA or Western 5 
blot analysts); b) reporter gene activity (e.g., as meas- 
ured by reporter gene assay, for example, p-galactosi- 
dase. green fluorescent protein, or ludferase activity); 
c) mRNA (e.g.. as measured t>y RT-PCR or Northern 
blot analysis relatfve to an tntemal control, such as a 
"housekeeping" gene product, for example. P-adin or 
gtyceraldehyde 3-phosphate dehydrogertase (GAP- 
DH)); or d) ceO function, for example, as assayed by Ihe 
numk>er of apoptotic, mobPe. growing, cell cyde arrest- 
ed, invasrve. differentiated, or dedifferentiated celb in a is 
test sample. In all cases, the lowering b desirak>ly by at 
least 20%, more desirably by at least 30%. 40%. 50%, 
60%. 75%, and most desirably by at least 90%. As used 
fierein. a decrease may be the direct or indirect result 
ofPTGS. • . 20 

[0067] By "an increase" Is meant a rise in the level of: 
a) protein (e,g,, as measured by ELISA or Western blot 
analysis); b) reporter gene activity (e.g., as measured 
by reporter gene assay, for example, p-galactosidase, 
green fluorescent protein, or ludferase activity); c)- mR- 25 
NA (e.g., as measured by RT>PCR or Northern t>lot anal- 
ysts relative to an internal control, such as a "house- 
keeping* gene product, for example, p-adin or gtycer* 
aldehyde 3^hosphate dehydrogenase (GAPOH)); ord) 
celt function, for exam{de, as assayed by the numt>er of ^ 
apoptotic, nK)bile, growing, ceO cyde arrested, invasive, 
differentiated, or dedifferentiated ceHs in a test sample. 
Desirably, the increase is by at least 1.5-fold to 2-foid, 
more desirat>ly by at least 3-fdd, and most desirably by 
at least 5-fokJ. As used herein, an increase may be the 35 
indired result of PTGS. For example, the double strand* 
ed RNA may inhibit the expression of a protein, such as 
a suppressor protein, that wouM otherwise inhibit the ex- 
pression of another nudeic add. 

[0068] By 'alteration in the level of gene expression" ^ 
is meant a change in transcription, translation, or mRNA 
or protein statMlity such that the overall amount of a prod- 
ud of the gene, i.e.. mRNA or polypeptide, is increased 
or decreased. 

[0069] By "reporter gene" is meant any gene (hat en- *s 
codes a produd whose expression is detectable and/or 
able to be quantitated by immundogicsri. chemical, bio- 
chemical, or bk>logical assays. A reporter gene produd 
may. for example, have one of the following attributes, 
without restriction : fluorescence (e.g. , green fluorescent so 
prdein). enzymatic activity (e.g., p-galadosidase. lud- 
ferase, chloramphenicol acetyltransferase). toxicity (e. 
g.. ridn A), or an abifity to be specifically bound liy an 
additional mdecule (e.g., an unlabeled antitx>dy. fd- 
lowed by a lat>elied secondary antibody, or t>iotin, or a S5 
detedably labelled antibody). It Is understood that any 
engineered variants of reporter genes that are readily 
available to one skilled in the art are also induded, with- 



out restriction, in the foregoing definition. 
[0070] By "protein* or "polypeptide* or "polypeptide 
fragment* is meant any chain of more than two amino 
adds, regardless of posMranslafional modificalion (e. 
g.. gtycosytation or phosphorylation), constituting an or 
part of a naturany-occurring polypeptide or peptide, or 
consStuting a norwiaturally oocuning polypeptide or 
peptide. 

[0071] By "promoter* is meant a minimal sequence 
sufficient to (fired transcription of a gene. Also induded 
in tilts definitkm are those transcription oontrd elements 
(e.9.. enhancers) that are sufltdent to rerKter promoter- 
dependent gene expression oontrollabie in a oe0 type- 
specific tissue-spedfic. or temporal-spedfic manner, or 
that are indudble tiy external signals or agents; such 
elements. wtUch are weO-touiwn to skflled artisan8.-may 
t>e found In a 5* or 3' region of a gene or within an Intron. 
Desirat)ly a promoter is operat))y linked to a nuddd add 
sequence, for example, a cONA or a gene in such a way 
as to permit expression of the nucleic add sequence. 
[0072] By "operabty finked* is nneant that a gene and 
one or mora transcriptknal regulatory sequences. .e.gL, 
a promoter or enhancer, are coru>eded in such a way 
as to permit gene expression when the appropriate nral- 
ecules (e.g., trartscriptionai activator proteins) are 
l>ound to the regulatory sequences. 
[0073] By "expression vedor* is meant a DNA oort- 
strud that contains at least one promoter operat>ty 
linked to a downstream gene or coding region (e.g., a 
cONA or genomic DNA fragment that encodes a protein, 
optionally, operatively finked to sequence lying outskJe 
a coding region, an antisense RNA coding region, or 
RNA sequences lying outside a coding region). Trans- 
faction or transformation of the expression vedor into a 
reopient cell altows the ceQ to express RNA encoded by 
the expression vedor. An expression vector may be a 
ger>eticany engineered plasmid, virus, or artifidal chro- 
mosome derived from, for example, a baderiophage. 
adenovirus, retrovirus, poxvirus, or herpesvirus. 
[0074] By "transformation* or "transfection* is meant 
any method for introducing foreign nx>lecules into a cetl 
(e.g., a baderial. yeast, fiingal, algal, plant, insed, or 
animal cell, particutariy a vertebrate or mamnrtaitan cell). 
The cell may be in an animal. Upofecfion, OEAE-dex- 
tran-mediated transfection, microinjection, prdoplast 
fusion, caldum phosphate predpitatkm. viral or r^rovi- 
ral delivery, eledroporatfon. and bidisfic transfbrmatfon 
are just a few of the transformation^transfedfon meth- 
ods known to those skilled in the art The RNA or RNA 
expression vedor (DNA) may t>e naked RNA or DNA or 
local anesthetic complexed RNA or DNA (Pachuk ef a/.. 
supra). Other standard transformatfon/transfection 
methods and other RNA and/or DNA defivery agents (e. 
g.. a cationic Itpkl, Gposome. or t>upivacaine) are de- 
scribed in WO 00/63364, filed April 19. 2000 (see. for 
example, pages 18*26). Commerdally availat>le kits can 
also be used to defiver RNA or DNA to a ceN. For exam- 
ple, the Transmessenger Kit from Qiagen. an RNA kit 
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from Xeragon Inc., and an RNA kit from DNA Engine 
Inc. (Seattle. WA) can be used to introduce sin^ or 
double stranded RNA into a cell. 
(0075] By *1ransfonned ceU" or *transfected ceO* is 
meant a ceD (or a descendent of a cell) into wtiich a nu* 
deic add moleorie. for example, a doulile stranded 
RNAof dout>le stranded expression vector has t)e6n in- 
troduced. Iiy means of recombinant nudeic add tech- 
niques. Such oeDs may be either stat>ty or transiently 
transfected. 

(007q By 'selective conditions* is meant oondiiions 
under which a spedfic cell or group of cells can lie se- 
lected for. For example, the parameters of a fluores- 
cence-activated ceU sorter (FACS) can ft>e modulated to 
identify a specific cell or group of cells. Cell panning, a 
technique known to those skilled in the art, is another 
method that employs selective conditions. 
[0077] As use herein, by "optimized" is meant that a 
nudetc add fragment is generated through ineffident 
first strand synthesis (e.g., reverse transcription (RT) 
and/orRT/second strand synthesis (RT-SSS) using Kle- - 
now or otf>er enzymes and/or RT-PCR or PGR. to be of 
a particular length. Desirably the length of the nudeic 
add fragment is iess than a frjU length cONA or is 100, 
500. 600, or 1 000 nudeotides in length. In other embod- 
iments, the nudeic add fragment is at least 10. 20, 30. 
40, 50, 60, 70. 80, or 90 nudeotides in length. In yet 
other emlxxftments, the numt)er of nudeotides in the 

• nudeic add fragment is between 5-100 nudeotides. 
15^100 nudeotides, 20>95 nudeotides, 25-90 nude- 
otides, 35-85 nudeotides, 45-80 nudeotides, 50-75 nu- 

* cleotides. or 55-70 nudeotides, indusive. In still other 
emt>odiments. the number of nudeotides in the nudeic 
add fragment is contained in one of the following rang- 
es: 5-15 nudeotides, 15-20 nudeotides, 20-25 nude- 
otides. 25-35 nudeotides. 35-45 nudeotides, 45-60 nu- 
deotides. 60-70 nudeotides. 70-60 nudeotides, 80-90 
nudeotides, or 90-100 nudeotides, indusive. In other 
emt)odiments. the nudeic add fragment contains less 
than 50.000: 10.000; 5.000; or 2.000 nudeotides. Opti- 
mization of the length of a nudeic add can be achieved 
during first strand or second strand synthesis of a de- 
sired nudeic add by lowering Mg*^ concentrations to 
no less than the nudeotide concentrations; by adding 
Mn^ to the reaction to achieve the desired size selec- 
tion (6.g., by repladng Mg^ completely, or by adding 
fAn** at varying concentrations along with Mg^); txy de- 
creasing and/or limiting concentrations of dNTP(s) to ef- 
fect the desired fragment size; by using vanous concen- 
trations of ddNTP(s) along with standard or optimal con- 
centrations of dNTP(s), to achieve varying ratios, to ob- 
tain the desired fragment size; by using limited and con- 
trolled exonudease digestion of the fragment foflowing 
RT, RT-SSS. RT-PCR, or PGR; or by a combination of 
any of these methods. 

[0078] As used herein, by 'sized selected* is meant 
(hat a nudeic add of a particular size is selected for use 
in the oonstruoiton of dsRNA expresston libraries as de- 



scribed herein. Desirably tiie size selected nucleic add 
is less than a frjQ length cONA sequence or at least 1 00, 
500. 600, or 1000 nudeotides in length. In other embod- 
iments, the nudeic add Is at least 10, 20. 30. 40, 50. 60. 

s 70. 80, or 90 nudeotides in length. In yet other embod- 
iments, the number of nudeotMes in the nudeic add is 
between 5-100 nucleotides. 15-100 nudeotides. 20^5 
nucleotides, 25-90 nddeotides, 35-^ nudeotides, 
45-80 nudeotides. 50-75 nudeotkles, or 55-70 nude- 

10 otides. indusive. to still other embodiments, the number 
of nudeotkies in the nudeic add is contained in one of 
the followirig ranges: 5-15 nudeotides, 15-20 nude- 
otkles, 20-25 nudeotides. 25-35 nudeotides. 35-45 nu- 
deotides, 45-60 nudeotides. 60-70 nudeotides. 70-80 

f s nudeotkles. 80-90 nudeotides, or 90-100 nucleotides, 
inclusive. In other embodiments, the nudeic add con- • 
tains less than 50,000; 10,000; 5.000; or 2.(K)0 nude- 
otides. For example, a nucleic add may be size selected 
using size exclusion chromatography (e.g.. as size ex-\ 

20 dusion Sepharose matrices) according to standard pro- 
* cedures (see, for example, Sarrdirook, Fritsch. and Ma^- 

• ' rtiatis. Molecular Ctonirw: A Latwratory Manual (2ded.y. ^ 
' Cold Spring Harbor Lalxxatory Press. Cold Spring Har- 
bor. NY. 1989). 

25 [0079] By *under conditions that inhibit or prevent an* 
interferon response or a dsRNA stress resporise* is 
meant conditions that prevent or inhibit one or more in- 
terferon responses or cellular RNA stress responses in- 
volving cell toxicity, ceil death, an anti-proiiferative re- 

30 sponse, or a decreased ability of a dsRNA to carry out 
a PTGS event These responses indude. but are not 
limited to, interferon induction (txith Type 1 and Type 11), 
induction of one or more interferon stimulated genes, 
PKR activation. 2*5'-OAS activation, and any dowrv 

35 stream cellular and/or organismal sequelae that result 
from the activation/induction of one or more of these re- 
sponses. By 'organismal sequelae" is meant any effed 
(s) in a whole animal, organ, or more locally (e.g.. at a 
site of injectton) caused by the stress response. Exem- 

40 piary manifestations indude elevated cytokine produc- 
tion, local inflammation, and necrosis. Oesirat>ly the* 
conditions that inhibit these responses are such that not 
more than 95%, 90%. 80%. 75%, 60%, 40%, or 25%. 
and most desirably not more tiian 10% of the cells un- 

45 dergo ceil toxicity, ceil death, or a decreased ability to 
carry out a PTGS event, compared to a cell not exposed 
to such interferon response inhibiting conditions. aH oth- 
er conditions b&ng equal (e.g.. same cell type, same 
transfonmation with the same dsRNA expression library. 

50 [0080] Apoptosis. interferon induction, 2*5* OAS acti- 
vation/induction. PKR induction/activation, anti-prdifer- 
ative responses, and cytopathic effects are aO indicators 
for the RNA stress response pathway. Exemplary as- 
says that can be used to measure the induction of an 

55 RNA stress response as described herein indude a 
TUN EL assay to detect apoptotic cells, ELISA assays 
to detect the induction of alpha, beta and gamma inter- 
feron, ribosomal RNA fragmentation analysis to detect 
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activation of ZTOAS, measurement of phosphorylated 
elF2a as an indicator of 1=*KR (protein kinase RNA in- 
ductl>le) activation, proliferation assays to detect chang- 
es in cellular proliferation, and microscopic anatysis of . 
cells to identify cellular cytopathic effects (see, e.9.. Ex- s 
ample 11). OesiralHy, the level of an Interferon response 
or a dsRNA stress response in a oeO transfbnned with 
a double stranded RNA or a doul>le straned RNA ex- 
pression vector is less than 20. 10. S.or 24oki greater 
than the corresponcfing level in a mock^ransfected con- to 
trot cell under the same conditions, as measured using 
one of the assays descnt>ed herein. In other emtxxfi> 
ments. the level of an interferon response or a dsRNA 
stress response in a cell transformed with a dout><e 
' stranded RNA or a double straned RNA expression vec- 15 
tor using the methods of the present invention is less 

• than 500%. 200%. 100%. 50%. 25%. or 10% greater 
' than the correspondtr^g level in a corresporKfing trar^s- 

. formed cell that is not exposed to such interferon re- 
.sponse inhibiting conditions, all other conditions t>eing 20 
equal. Destrat)!y. the double straned RtiA does rKjt in- 
<hjce a global inhtt>itk>n of celliiar transcription or trans- 
lation. 

[0081] By a spedficany hybridizes □ is meant a dou- 
t>le stranded RNA that hybridizes to a target nucleic add 25 
tMJt does not substantially hybridize to other nudeic ac- 
ids in a sample (e.g.. a sample from a cell) that naturally 
includes the target nudeic add. when assayed under 
denatuiing conditions. In one embodiment the amount 
of a target nudeic addhybridized to. or associated with. 30 

.the double stranded RNA. as measured using standard 
assays. Is 2-fold, desirably 5-fold, more desirably 

. 10-fold, and most desiratsly 50-fold greater than the . 
amount of a control nudeic add hybridized to. or asso- 
dated with, the double stranded RNA. 35 
[0082] By Dhigh stringency conditions Qis meant hy- 
bridization in 2X SSC at 40*0 with a DNA probe length 
of at least 40 nudeotides. For other definitions of high 
stringency cor)ditk>ns. see F. Ausubel ef a/.. Current Pro- 
tocols in Molecular Biology, pp. 6.3.1-6.3.6, John Wiley 40 
& Sons, New York, NY, 1994, hereby incorporated by 
reference. 

[0083] Conditions and techruques that can be used to 
prevent an interferon resporise or dsRNA stress re- 
sponse during the screening methods of the present in- 
vention are descrit>ed herein. 

Brief Description of the Drawing 

[0084] Fig. 1 is a sdiematic representation of a strat- 50 
egy to isolate donally pure stable integrants that contain 
a single expression unit isolated from cells transfected 
with a dout>le-stranded RNA encoding a cONA library. 
[0085] Fig. 2 is a schematic illustration of the produc- 
tion of effector RN As in cells expressing PSA The PSA 55 
expression cassette used to create the transient PSA 
expression cell line is depided at the top of the figure. 
Expression of PSA is driven by the HCMV IE promoter 



and the SV40 pdyadenytation signal (pA). Only se- 
quences 3* of the PSAiniliation codon have been used 
in these vectors. The effectorRNA expression cassettes 
are shown t>elow the PSA expression cassette and are 
designed to express PSA sense RNA, PSA antisense 
A. and PSA dsRNA. Expres^on of the effector RNAs 
is under the control of the T7 promoter (T7p). Transcrip- 
tion from T7p is catalyzed by T7 RNA polymerase, wtiich 
is supplied by co-transfecting a T7 f^NA polymerase ex- 
pression plasmtd (not sfiown). Control effector f^NA 
cassettes expressing irrelevant Rf4As derived from the 
Herpes simplex virus glycoprotein O gene were induded • 
as contrds. The 600 base pair sequertce from the Her- 
pes simplex gD gene is from Herpes Simplex virus 2 
strain 12 and maps to the coding region downstream t)f 
the gO initiation codorv 

[0086] Fig, 3 is a t>ar graph tllustiBting sflendng of 
PSA expression by dsRNA. PSA levels in the super- 
nates of transfeded cells were determined by ELiSA 
arKl are plotted as percent expression of the PSA un- 
treated controt The PSA untreated control shown at the 
left is normaPized to 100%. PSA levels in the supemates '. ^ \r 
of cells transfected with the various effedor PSA or con- 
trol RNAs are shown by the shaded and open bars re- 
spedivety. All data shown is frt>m day two post-transfec- 
tion. Data from later time points were similar to the day « 
two time point " 
[0087] Fig. 4 is a schematic illustration of the RNA - - * 
stress response pathway, also known as the Type 1 in- 
terferon response. 

"I 

Detailed Description of the Invention 

[0088] Post*transcriptional gene silencing (PTGS) 
can be used as a tool to identify and validate spedfic 
unknown genes involved in cell function, gene expres- 
sion, and polypeptide tHOiogical activity. Although the 
use of PTGS as a valuation strategy is well documented 
in invertelifates and plants, its use in identificatkm of 
genes that modulate cell (ur>ction, gene expression, or • • 
polypeptide bratogical activity, as described t>ekyw. is 
novel. Since novel genes are likely to l>e identified 
through the methods of the present invention, PTGS is 
developed for use in validation and to identify rK>vel tar- 
gets for use in therapies for diseases, for example, can- 
cer, neurological disorders, obesity, leukemia, lympho- 
mas, and other disorders of the blood or immune sys- 
tem. 

[0089] The present invention features methods to 
identify unknown targets that result in the modulation of 
a particular phenotype, an alteration of gene expression 
in a cell, or an alteration in polypeptide biological activity 
in a ceU, using either a library based screening approach 
or a non-lit>rary based approach to identify nudeic adds 
that induce gene siiendng. The present invention also 
allows the detennination of function of a given se- 
quence. These methods tnvofve the dired delivery of in 
vitro transcribed double stranded RNA (dsRNA). as well 
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as plasmkM>ased systems that direct the oeO to make 
its own dsRNA. To avoid prol)(ems associated with 
transfection efficiency, ptasmtdsare designed to contain 
a selectal)ie marker to ensure the survivai of only ttiose 
cells that have taken up plasmtd DNA. One group of 
plasmids directs the synthesis of dsRNA that is tran- 
scribed in the cytoptasm. while another group directs ttie 
synthesis of dsRNA that is transcrit>ed in the nucleus. 

Mentjfication of genes by assaying for a modulation in 
. cell function 

[0090] Functional identificatkm of novel genes can be 
accompfished through the use of a number of (Afferent 
assays. For example, cells may be assayed for ceP mo- 
tility, apoptosts, cell growth, cell invasion, vasculariza- 
tion, cell cyde events, cell differentiation, cell dediffer- 
entiation. neuronal cell regeneration, or the abQIty to 
support viral replication, as well as other cell functions 
known in the art Methods for carryirtg out such functk>n- 
al assays are wen kriown and are descritied, for exam- 
ple, in Piatet and Garda (invasion Metastasis 18: 
iga-208. 1998-1999); Harper et al. (Neuroscience 88: 
257-267. 1999): and Tomaselii et at. (J, Cen Bid. 105: 
2347-2358, 1987). and are also described below. 
[0091] Functional kientification of nucleic actd se- 
quences involved in modulating a particular cell function 
may t>e carried out by comparing cells transfected with 
a dsRNA to control cells that have not been transformed 
with a dsRNA or that have been mock-transfected, in a 
functional assay. A cell that has taken up sequences un- 
related to a particular fiinctton will perform in the partic- 
ular assay In a manner similar to the control cen. A ceH 
experiencing PTGS of a gene involved in the particular 
fimction will exhibit an altered ability to perform in the 
functional assay compared to the control. 
[0092] The percent modulation of a particular cell 
function that identifies a nucleic add sequence that 
modulates the function of a cell will vary depending on 
the assay, phenotype, and the particular nucleic add af- 
fected by PTGS. For each assay, the percent modula- 
tion can readily be determined by one skilled in the art, 
when used in conjunction with controls, as described 
herein. Desirably the modulation is at least 20%. more 
desirably at least 30%, 40%, 50%, 60%. 75%. and most 
desirably at least 90% compared to the control An in- 
crease in tiie function of a cell can also be measured In 
terms of fold increase, where desirably, ttie increase is 
at least 1.5-fold to 5-fold compared to tiie control. 
. [0093] Alternatively, the function of a cell may be to 
affect the function, gene expressk>n, or polypeptide bi- 
ological activity of another cell, for example, a neightx>r- 
ing cell, a cell tiiat is contacted with Uie cell in which a 
PTGS event occurs, or a cell ttiat is contacted with me- 
dia or other extracellular fluid that Uie ceU in which a 
PTGS event occurs is contained in. For example, a cell 
experiendng PTGS of a gene may modulate cell motil- 
ity, apoptosis, cell growth, cell invask)n, vascularization. 



cen cyde events, cell differentiation, cell dedifferentia- 
tion, neuronal cell regeneration, or the atMlity to support 
viral replication of a nearby cell, or a cell that is exposed 
to media or other extracellular flukJ In which the trans- 

5 fected cen m whk:h a PTGS event occurs was oru:e con- 
tained. This can be tested by removing the meda in 
which a oeD experiendng a PTGS event is occurring and 
piadr>g it on a separate ceQ or population of ceils. If the 
function of the separate cell or population of ceQs is mod- 

10 dated, compared to a cell or population of oeOs receiv- 
ing mecfia obtained from cells that had t>een mock tiBns- 
fected, then one or more of the cells experiencing a 
PTGS event can affect the function of another ceQ. The 
identity of the nudeic add sequence that causes the 

IS rrwdulation can be identified with repeated rounds of se- 
lection. 

[0094] In another metiiod, a single ceQ experiencing 
a PTGS event can t>e placed in proximity of a ceO or a ^ 
population of cells that was not transfected wHh dsRNA. 

20 and the effect of this placement is evaluated for a mod- 
' ulation in tfie function of the cell or population of cells, r 
If the fimction of the non-transfected oeB or population 
of cells is modulated, compared to a ceD or populatk)n 
of cells in proximity of a ceU thai was mock transfected, 

25 • then the cell experiencing a PTGS event contains a nu- "* 
deic add sequence that can affect the function of an- 
other ceU. This nudeic add sequence can be klentified 
using techruques described herein. 

30 Identification of genes using differential gene 
expression 

• 

{0095] Differential gene expression analysis can bo 
used to Mentify a nudeic add sequence ttiat modulates 

35 the expression of a target nudeic add In a cell. Altera- 
tions in gene expresston induced by gene silendng can 
be monitored m a cell into which a dsRNA has been in- 
troduced. For example, differential gene expression can 
be assayed by comparing nudek: adds expressed in 

40 cells into whkh dsRf^ has been introduced to nudeic 
adds expressed in control cells ttiat were not transfed- 
ed with dsRN A or ttiat were mock-transfected. Gene ar- 
ray technology can be used in order to simultaneously 
examine the expression levels of many different nudeic 

^ adds. Examples of mettiods for such expression anal- 
ysis are described by Marrack et a/. (Current Opinions 
in Immunology 12:206-209. 2000); Harkin (Oncotogist 
5:501-507. 2000>: Pelizzari etaL (Nudeic Adds Res. 28: 
4577-4581, 2000); and Mane (Science 289:1670-1672. 

so 2000). 

Identification of genes by assaying polypeptide 
biological activity 

55 [0096] Novel nudeic add sequences that modulate 
tiie biologk:aI activity of a target polypeptide can also be 
identified by examining polypeptide biological activity. 
Various polypeptide b»togk:al activities can be evaluat- 
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ed to identify novel genes acconKng to the methods of 
the invention. For example* the expression of a taiget 
potypepttde(s) may be examined. AltemativeJy, the in- 
teraction between a target potypeptide(s) and another 
molecule(s), for example, another polypeptide or a nu- 
cleic add may be assayed. Phosphorylation or glyoo* 
sylation of a target polypeptlde(s) may also be as- 
sessed, using standard methods known to those sidlled 
in the art 

0)097] Identification of nucleic add sequences in- 
' volved in modulating the kmlogical activity of a taiget 
polypeptide may l>6 carried out by comparing the 
polypeptide biological activity of a cell transfected vnth 
a dsRNAto a control cdl that has not been transfected 
with a dsRNA or that has been mock-transfeded. A cell 
that has taken up sequences unrelated to a particular 
polypeptide txological activity will perfomfi in the partic* 
ular assay in a nianner similar to the control celt. A cell 
experiencing PTGS of a gene involved in the particular 
polypeptide biok>gical activity will exhibit-an altered at)U- 
ity to perform in the bidogical assay, compared to the 
oontrd. ■ • - 

Insertion of single units Into the chromosome and • - 
generatron of a ceD line containing a single dsRNA 
expression library integrant 

{0098] The present invention involves the generation 
of a target celt line in which the dsRNA expression library 
is subsequently introduced. Through the use of site-spe- 
dfic recombination, single integrants of dsRNA expres- 
sion cassettes are generated at the same locus of aQ 
cells in the target cell fine, allowing uniform expression 
of the dsRNA in all of the integrants. A dsRNA expres- 
sion library derived from various cell lines is used to cre- 
ate a representative library of stably integrated cells, 
each cell within the target cell line containing a single 
integrant. Cre//ox. Lambda«Cro repressor, and Flp re- 
combinase systems or retroviruses are used to gener- 
ate these singular integrants of dsRNA expression cas- 
settes in the target ceD line (Satoh ef a/.. J. Virol. 74: 
10631-10638. 2000; Trinh ef a/.. J. tmmund. Methods 
244:185-193, 2000; Serov et aL, An. Acad. Bras. Dene. 
72:389-398. 2000; Grez ef a/., Stem Cells. 16:235-243. 
1998; Habu ef a/.. Nudeic Adds Symp. Ser. 42:295-296, 
1999; Haren ef a/.. Annu. Rev. Microbid. 53:245-281. 
1999; Baer et al. Biochemistry 39:7041-7049. 2000; 
Follenzi ef a/.. Nat Genet 25:217-222. 2000; Kind- 
marsh ef a/., Miaobid. Md. Bid. Rev. 63:836-843. 
1999; Darquet et a/.. Gene Ther. 6:209-218. 1 999; Dar- 
quet ef af.. Gene Ther. 6:209-218. 1999; Yu ef al„ Gene 
223:77-81. 1998; Darquet ef a/.. Gene Ther. 4: 
1341-1349. 1997; and Koch ef a/.. Gene 249:135-144. 
2000). These systems are used singutarfy to generate 
singular insertion dones, and also in combination. 
[0099] The following exemplary sequence specific in- 
tegrative systems use short target sequences that allow 
targeted reGomt>inatk>n to t>e achieved using spedfic 



proteins: FLP recomtiinase. baderiophage Lambda in- 
tegrase, HIV tntegrase, and pifin reoomtrinase of Salmo- 
ndla (Seng ef aL Construction of a Pip 'exchange cas- 
sdte" contained vector and gene targeting in mouse ES 

5 cdq A book chapter PUBMED entry 11797223 - Sheng 
WU Gong Cheng Xue Bao. 2001 Sep:17(5)-.566^.. Uu 
ef a/.. Nat Genet 2001 Jan 1;30(1):66-7Z. Awatramad 
efaf.. Nat GeneL 2001 Nov-.29(3):257-9..Hddniannand 
Lehner. Dev Genes Evd. 2001 Sep-.211(8^):458-65. 

fo Schaft ef af.. Genesis. 2001 Sep;31(1):6-10. Van 
Duyne» Annu Rev 8k>phys Biomd Stiuct 2001 ;30: 
87-104.. Lofbach ef al. J Md BkSI. 2000 Mar 10296(5): 
1175-81.. Darquet ef af.. Gene Ther. 1999 Feb:6(2): 
209-18., Bushman and Miller, J Vird. 1997 Jan;71(1): 

f5 458^., Fulks ef a/.. J Baderid. 1990 Jan:172(1): 
310-6). A singular integrant is produced by randomly in- 
serting the spedfic sequence (e.g.. loxP in the ere re- 
comtxtnase system) and selecting or idmitifying the cdl 
that contains a singular integrant that supports manmal 

20 expression. For example, integrants that show maximal 
expression foltowir^g random Integration can t>e identi- 
fied through the use of reporter gene sequences asso- 
dated with the integrated sequence. The cell can be 
used to spedfically insert the expressk»i cassette into 

25 the site that contains the target sequence using the spe- 
dfic recomtxnase, and possit>fy also remove the expres- 
' sk>n cassette that was originally placed to klentify the 
maximally expressing chromosomal kx:atk}n. A skilled 
artisan can also produce singular integrants using ret- 

30 roviral vedors, which integrate randomly and singdarty 
into the eukaryotic genome. In particular, singular inte- 
grants can be produced by inserting retroviral vectors 
that have t>een engineered to contain the desired ex- 
pression cassette into a naive cell artd selecting for the 

35 chromosomal location that results in maximal expres- 
sion (Michael ef a/.. EMBO Joumd, vd 20: pages 
2224-2235. 2001; Rdk and MurreU.. Nature. voL 405. 
page 408-409. 2000; Benger ef a/.. Mdecular Cell. vol. 
8, pages 263-268). One may also produce a singular 

40 integrant by cotransfeding the t>aderial RecA protdn 
with or without nudear kx^alizatmn signal along with se- 
quences that are homologous to the taiget sequence (e. 
g.. a target endogenous sequertce or integrated trans- 
gene sequence). Altematively. a nudeic add sequence 

45 that encodes a RecA protein with nudear locaGzatton 
signals can be ootransfeded (Shibata ef a/.. Proc Natl 
Acad Sd U S A. 2001 Jul 1 7:98(1 S):8425-32. Review.. 
Muyrers ef af.. Trends Biochem Sd. 2001 Mar.26(5): 
325-31..Paulef a/.. MutatRes. 2001 Jun 5;486(1):11-9.. 

50 Shchertakova ef a/., Mutat Res. 2000 Feb 16;459(1): 
65-71.. Lantsov. Md Bid (Mosk). 1994 May-Jun;28(3): 
485-95). 

[0100] An example utilizing such methods is detailed 
below. 

55 

Cmaftofi of the target cefl Una 

[0101] Target cell Ones are the same cell lines as the 



15 



29 



EP 1229 134 A2 



30 



ones frofn which the dsRNA expression libraries will be 
derived. Target cells are created by transfecting the se- 
lected cen Tine with a bidstronic plasmld expressing a 
selectalMe marker, such as G418 and the reporter gene 
GFP. The plasmid also bears a /oxP site. Plasmids tnte* 
grate randomly into the chromosome through the proc- 
ess of illegiOmate recomtMnation at a frequency of 10^. 
Following transfection. celts containing integrants are 
selected by culturing the ceHs in the presence of G418 
at a ooncentrafion determined earlier in a kill curve anal- 
ysis. Atxxft a dozen G41&-resistant coloraes are ex- 
panded and relative GFP expression levels are deter- 
mined using flow cytometry. DNA from the cells is ana- 
lyzed by Southern blot analysis to determine integrant 
copy number. Several single copy integrants exhit>iting 
the highest GFP expression levels are then selected as 
the target cell lines. GFP expression is monitored be- 
cause dsRNA encoding templates are then integrated 
into the loci containing the loxP, GFP, and G418 cas- 
settes in a site-specific fashion, and it is important to 
ensure that these bd are transcriptionally active. Since 
cells are selected on the basis of G418 resistarKe and 
GFP expression, integration of the plasmid DMA can oc- 
cur at the hxP site, destroying its function. Several cell 
tines are therefore chosen to reasonably erasure that at 
least one integrant has an intact loxP site. 

Double stranded RNA expression tibrary construction 
and sHe-spedTtc recombina^on into ttte target cell fine 

[01 02] A cONA library or a randomized library is con- 
structed from RNA isolated from selected cell lines. cO- 
NAs or randomized nucleic adds in the size range of at 
least 100 to 1000 nucleotides, for example. 500 to 600 
nudeotides are optimized during synthesis or are size- 
seleded prior to cloning. In other embodiments, the nu- 
deic adds are at least 10, 20, 30, 40. 50, 60. 70, 80, or 
90 nudeotides in length. In yet other emtxxfiments, the 
number of nudeotides in the nudeic adds is between 
5-100 nudeotides, 15-100 nudeotides. 20-95 nude- 
otides, 25-90 nudeotides. 35-85 nudeotides, 45-80 nu- 
cleotides. 50-75 nudeotides. or 55-70 nudeotides, in- 
dusive. In still other embodiments, the number of nucle- 
otides in the nudeic adds Is contained in one of the fol- 
lowing ranges: 5-15 nudeotides, 15-20 nudeotides, 
20-25 nudeotides, 25-35 nudeotides, 35-45 nude- 
otides, 45-60 nudeotides. 60-70 nudeotides. 70-80 nu- 
deotides. 80-90 nudeotides, or 90-100 nudeotides. in- 
dusive. In other emtx>diments, the nudeic add contains 
less than 50,000; 10.000; 5.000; or 2.000 nudeotides. 
Each cOlsIA or randomized nudeic add is then doned 
into a plasmid vector as a dsRNA transcription cassette 
flanked by two convergent promoters (such as T7 pro- 
moters as descrik>ed herein). The promoters are trarv 
scriptionally regulated such that they are off until in- 
duced, for example, using a tet ON/OFF system (Forster 
et a/.. Nudeic Adds Res. 27:7708-710. 1 999; Uu ef a/., 
Biotechniques 24:624-628, 6,30-632, 1998; and Gatz, 



IMethods CeU BioL 50:411*424. 1995). The plasrrad also 
contains the hygromydn resistance gene and an invert- 
ed toxP site. The cONA plasmid Wbracf or randomized 
plasmid iibraiy is then co-transfected into the target cell 

s line with a plasmid expressing Oerecomt>inase. which 
catalyzes site-spedfic recombination of ttie transfeded 
cDNA plasmid or randomized nud^c add plasmid at the 
inverted loxP site into the chromosomal locus containing- 
the GFP gene and /oxPsite (see Rg. 1). The use of the * 

10 Cre//ax system allows the effident Integration of a plas- 
mid into the chromosome (every transfected cefl is pre- 
dicted to undergo a plasmid integration event). Other 
site-spedfic recomt3iT>ation strategies can also be uti- 
lized. This results in having every integration to occur at. 

15 the same ^e. thereby obviating potential problems witfiv 
lod dependent expression. 

[0103] Two days following transfection. oefls are incu- 
bated in the presence of hygromydn to kill untransfected' 
cells and to select for stat>le integrants. TranscriptkMi of 

20 dsRNA is induced, and selected cells are assayed for.- 
an alteration in cell function, the t^ogical activity of 
target pdypeptide, or differential gene expresskm. CeOs-- 
expressing dsRNA corresponding to a target nud^ ao- ' 
id exhibit an altered functk>n, for example, increased or 

2S decreased cell invasion, motility, apoptosis, growth, dif-c 
ferentiatton. dedifferentiation, or regeneratkm. or the- 
abifity of the cell to support viral repficatkm. Cells exhib- 
iting altered function are then expanded and the se- 
quence of the integrant is detemnined. Targets are klen- 

30 tified and vaUdated using dsRNA spedfic for the identi- 
fied target, or other non-PTGS medrated methods, for 
example antisense technology. 
[0104] The regulated transcription system of the 
present inventkm provkSes an advantage to otfier dou- 

35 ble stranded expression systems. Foltowing transfeo- 
' tion of the dsRNA library, cells contain hundreds to thou- 
sands of dsRNA expresston cassettes, with oonconfU- 
tant expression of that many expression cassettes. In 
the dsRNA expresskm system of the present invention. 

^ dsRNA expresskm cassettes contained within the ex- 
pression vedor integrate into the chromosome of the 
transfeded cell. As described in detail below, every 
transfected cell integrates one of the double stranded 
expresskm cassettes. Desirably no transcriptkm occurs 

45 until the episomal (non-integrated) expression vectors 
are diluted out of the cell such that not more than 5 ep- 
isomal vectors remain in the cell. Most desirably no trarv 
scriptkm occurs until all of the episomal (non-integrated) 
expresskm vectors are diluted out of the cell and only 

so the integrated expression cassette remains (a process 
usually taking about two to several weeks of cell cul- 
ture). At this time transcription is induced, allowing dsR- 
NA to be expressed in the cells. This method ensures 
that only one spedes of dsRNA Is expressed per cell, 

55 as opposed to other methods that express hundreds to 
thousands of double stranded spedes. The use of the 
above-described system results in the loss of all t>ut one 
expression cassette, whtoh in tum. permits the rapid 
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screening of libraries without requinng screening multi- 
ple pools of libraries to identify the target gene« 

Non-Obrary approaches for the idenUficaUon of a nudeic 
add sequence that modulates ceB function, gene 
expression in a ceH, or the taiotogical activity of a target 
pol^eptide in a ceO through PTGS 

[01 05] Nudeic add sequences that nrK>dulate cefl 
function, gene expression in a cefl, or the t>iological ac- 
tivity of a target polypeptide in a oefl may also be idert- 
tiHed using non-fibrary based approaches invofving 
PTGS. For example, a single known nudeic add se- 
quence encoding a pdypeptide with unknown function 
or a single nudeic add fragment of unknown sequence 
artd/or function can be made into a double stranded 
RNA molecule. This dsRNA is then transfected into a 
desired cell type and the cell is assayed for modulations 
in cell functk>n, gene expression of a tatget nudeic add 
In the ceD, or the bk>togical activity of a target polypep* 
fkia In the oeO, using methods described herein. Amod- 
ulation In ceB lunctksn, gene expression in the cell, or 
tfie bfotogical activtty of a target polypeptkfe In the oefl 
identifies the mideic add of the dsRNA as a nucleic add 
the modulates the spedfic cell function, gene expres- 
skm. or the btological acfivlty of a target polypeptide. As 
a single dsRNA spedes is transfeded into the ceDs. the 
nudeic add sequence responsible for the modutatfon is 
readily klentifled. This rK>n-lii>rary based approach to 
nudeic add identificatkxi is desirably used under con- 
ditions that inhit>it an interferon response or dsRNA 
stress response. Sudi conditions are descnl>ed in detail 
herein. 

(0106] The discovery of novel genes through the 
methods of the present invention may lead to the gen- 
eratkHi of novel therapeutics. For example, genes that 
decrease cell invasion may be used as targets for dnig 
development, such as for the development of cytostatic 
therapeutics for use In the treatment of cancer. Devel- 
opment of such therapeutics is important because cur- 
rently available cytotoxic anticancer agents are also tox- 
ic for normal rapidly dividing ceils. In contrast, a cyto- 
static agent may only need to check metastatic process- 
es, and by inference, slow ceO growth, in order to stabi- 
lize the disease. In another example, genes that in- 
crease neuronal regeneration may t>e used to devetop 
therapeutics for the treatment, prevention, or control of 
a number of neurological diseases, induding Alzheim- 
er's disease and Parkinson's disease. Genes that are 
involved in the ability to support viral replication and be 
used as targets in anti-viral therapies. Such therapies 
may be used to treat, prevent, or control viral diseases 
involving human immunodeficiency virus (HIV), hepati- 
tis C virus (HCV), hepatitis B virus (HBV), and human 
papillonwvirus (HPV). The efficacies of therapeutics tar- 
geting the genes identified according to the present ir>- 
vention can be further tested in cell culture assays, as 
well as in animal models. 



The use of vertetxate or mammalian cell Bnes for 
identification of nudeic add sequences that modulate, 
cell famction. expressfon of a target nudeic add or 
biological activity of a target polypeptide 

5 

[0107] While the use of the present invention is not 
limited to vertebrate or mammalian oeBs. such cells can 
be used to carry out the nudek: add identification meth- 
ods described herein. Desirably the vertebrate or mam- 

10 mafian cePs used to carry out the present invention are 
cells that have been cultured for only a smaH numlier of 
passages (&g., less than 30 passages of a cell tine that 
has been obtair^ed (firectiy from American Type Culture 
. Cotlectkx)). or are primary cells. In addition, vertebrate 

f5 or mammalian cells can be used to cany out the present 
invention vvhen the dsRNA being transfected into the 
cefl is not complexed with cationic lipids. 
[0108] The following examples are to ilkistrate the in- 
vention. They are not meant to Gmttthe invention in any 

20 way. Fior example, it is noted that any of the following 
examples can be used with doutile stranded RNAs of 
any length. The methods of the present invention can 
be readily adapted by one skilled in the ait to utifize dou- 
ble stranded RNAs of any desired length. 

25 

Example 1: Design and dePvery of vectors for 
intracellular synthesis of dsRNA for Ptyary based 
screening approaches to nudeic add Mentification ' 
using PTGS 

30 

(0109] PTGS is induced when dsRNA is made intra- 
celMarfy. The litirary based screening approaches to 
nudeic add klentification through PTGS may require 
that dsfWA reside in certain ceBular compartments in 

35 order to exert its effect Therefore, expression plasnuds 
that transcrit>e dsRNA in the cytoplasm and in the nu- 
cleus are utilized. There are two dasses of nuclear tran- 
scription vectors: one tiiat is designed to express poly- 
adenylated dsRNA (for example, a vector containing an 

<0 RNA polymerase II promoter and a poly A site) and one 
that expresses non-adenylated dsRNA (for example, a 
vector containing an RNA polymerase II promoter and 
no poly A site, or a vedor containing a T7 promoter). 
Different cellular distributions are predided for the two 

^5 spedes of RNA; t>oth vedors are transcribed in the nu- 
deus. but the ultimate destinations of the RNA spedes 
are different intracellular kx:atk)ns. Intracellular ban- 
scriptlon may also utilize baderiophage T7 and SP6 
RNA polymerase, which may be designed to transcribe 

so in the cytoplasm or in the nudeus. Alternatively, Qbeta 
replicase RNA-dependent RNA polymerase may be 
used to amplify dsRNA Viral RNA polymerases, eittier 
DNA arrd RNA dependent, may also be used. Alterna- 
tively, dsRNA replk:ating polymerases can l>e used. Cel- 

55 luiar polymerases such as RNA Polymerase 1. 11. or 111 
or mitochondrial RNA polymerase may also be utilized. 
Both the cytoplasmic and nudear transcription vedors 
contain an antibiotic resistance gene to enable selection 
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of cells that have taken up the plasmld. Cloning strate- 
gies employ chain reaction doning (CRC). a one-step 
method for directional Bgation of multiple fragments (Pa- 
chuk ef a/.. Gene 243:19-25, 2000). Briefly, the ligations 
utilize bridge oCgonudeotides to align the DNA frag- 
ments in a particular order and ligation is catalyzed t^y 
a heat-stable DMA Hgase. such as AmpOgase. available 
from Epicentre. 

inducible or repressiUe tmnscription vectors for the- 
generation of a dsRNA expression GbfBry 

(01 1 0] If desired, indudble and represstble transcrip- 
tion systems can be used to control the tirrang of the 
synthesis of dsRNA. trKludble and repressible regula- 
tory systems involve the use of promoter elements that 
contain sequences that bind prokaryotic or eukaryotic 
Iranscriptioh factors upstream of the sequence encod- 
ing dsRNA. In addition, tfiese fectors disc carry protein 
• domains that transacfivate or transrepress the RNA 
polymerase U. The regulatory system also has the abiSty 
\ to bind a small molecule (ag., a odinduoer or a oote- 
pressor). The binding of the shtalt molecule to the reg- 
ulatory protein molecule (e.g., a transcription factor) re- 
sults in either increased or decreased affinity for the se* 
quence element Both Indudtile and repressible sys- 
tems can be developed usir^g any of the inducer/lran- 
scripfion factor combinations by positioning the tiinding 
site appropriately with respect to the promoter se- 
quence. Examples of previously described indudt>ie/re- 
pressiUe systems include lad. ara. Steroid-RU466, and 
ecdysone - Rheogene. Lac (Cronin ef a/. Genes A De- 
velopment iS: 1506-1517, 2001), are (Kttlebn^etal.., 
J Badeiiol. 2000 Dec;182(24):7029-34). ecdysone 
(Rheogene. www.iheogene.oom). RU48 (steroid, Wang 
XJ. Liefer KM. Ts^ S. OMalley BW. Roop DR., Proc Natl 
Acad Sd U S A. 1999 Jul 20:96(15):8483-8). (ef promot- 
er (Rendai ef a/.. Hum Gene Then 2002 Jan; 13(2): 
335-4Z and Lamartina ef a/.. Hum Gene Ther. 2002 
Jan; 13(2):199-210). or a promoter disclosed in WO 
00/63364. filed AprU 19. 2000. 

Nudear transcription vectors for the generation of a 
nuclear dsRNA expression Utirary 

[01 1 1] Nudear transcription vectors for use in library 
t>ased screening approacfies to identify nudeic adds 
that modulate ceD function, gene expression, or the bi- 
ological activity of a target polypeptide are designed 
such that the target sequence is flanked on one ernl t)y 
an RNA pdymerase If promoter (for example, the HC- 
MV-IE promoter) and on the other end by a different 
RNA polymerase II promoter (for example, the SCMV 
promoter). Other promoters ti^t can be used indude 
other RNA polymerase II promoters, an RNA polymer- 
ase I promoter, an RNA polymerase III promoter, a mi- 
tochondrial RNA polymerase promoter, or a 17 or SP6 
promoter in the presence of 17 or SP6 RNA polymerase. 



respectively, containing a nudear localization signal. 
Baderiophage or viral promoters may also t>e used. The 
promoters are regulated transcriptionally (for example, 
using a tet ON/OFF system (Forster ef al., supra; Uu ef 

s a/., supra-, and Gatz. supm) such that they are only ac- 
tive in either Vtxe presence of a transcripttOTHndudrtg 
agent or upon the removal of a repressor. A single dm>- 
mosomal integrant is selected for. and transcription is 
induced in the cell to produce the nudear dsRNA." 

^0 (0112] Those vectors containing a prorm^ reoog- \ . 

rozed by RfJA Pol I. RNA Pol II, or a viral promoter in 
conjunction with co-expressed proteins that recognize 
the viral promoter, may also contain optional sequences 
located t>ehiveen each promoter and the inserted cONA. ~ 

15 These sequences are tFanscril>ed and are designed to 
prevent the possible translation of a transcfit>ed cONA. 
For example, the transcrit>ed RNA is synthesized to con- • • 

tain a stable stem-loop structure at ttie 8*01x1 to impede - 
fibosome scanning. ARemalively. the exad aeqirenoe is 

20 in«levant as long as the length of the sequence is suf- 
ficient to be detrimental to translation initiafion (e.g.. the * 
sequence is 200 nucleotides or longer). The RNA se- - * « 
quenoes can optionally have sequences that allow 
polyA addition, intronic sequences, an HIV REV binding 

25 sequence. Mason-Pfizer monkey vims constitutive 
transport eIement(CTE) (U.S. 5.880.276. filed April 25. 
1996), and/or self sptidrig intronic sequences, 
foil 3] To generate dsRNA. two promoters can tie 
' placed on either side of the target sequence, such that 

30 the direction of transcription from each promoter is op- 
posing each other. Altematively. two plasmids can be 
cotransfected. One of the plasmids is designed to tran- 
scribe one strand of the target sequence %vttile the other 
is designed to transcrit)e the ottier straruJ. Single pro- 

35 meter constructs may i>e developed such Uiat two tmits 
of the target sequence are transcrit>ed in tandem, such 
that the second unit is in the reverse orientation with re- 
spect to the other. Alternate strategies indude the use 
of filler sequences between the tandem target sequenc- 

40 es. 

Cytoplasmic transcription vectors for the generation of 
a cytoptasrtuc dsRNA expression ftbrary 

1 

45 [0114] Cytoplasmic transcription vedors for use in li- 
brary based screening approaches to identi^irtg nudeic 
adds that modulate cell function, gene expression, or 
tt)e biological activity of a target polypeptide in a cell us- 
ing PTGS are made according to the following method. 

so This approach involves the transcription of a single 
stranded RNA template (derived from a library) in the 
nudeus. which is then transported into the cytoplasm 
where it serves as a template for the transcription of 
dsRNA molecules. The DNA encoding the ssRNA is in- 

55 tegrated at a single site in the target cell line as de- 
scribed for the nudear RNA expression library, thereby 
ensuring the synthesis of only one spedes of dsRNA in 
a cell, each ceil expressing a different dsRNA spedes. 
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(0115] A desirable approach is to use endogenous 
polymerases such as the mitochondriat pofymerase in 
animal ceils or mitochondrial and chloroplast polymer* 
ases in plant cells for cytoplasmic and mitochcmdrial (e. 
g.. chloroplast) expression to make dsRNA in the cyto- 
plasm. These vectors are formed by designing expres- 
sion constructs that contain mitochondrial or chloroplast 
promoters upstream of the target sequertce. As de- 
scnt>ed at>ove for nuclear transcription vectors, dsRNA 
can be generated using two such promoters placed on 
either side of the target sequence, such that the direc- 
tion of transcription from each promoter is opposing 
each other. Alternatively, two ptasmids can be cotrans- 
fected. One of the ptasmids is designed to transcribe 
one strand of the target sequence while the other is de- 
signed to transcribe the other strand. Single promoter 
constructs may be developed such that two units of the 
target sequence are transcribed in tandem, such that 
the second unit is in the reverse orientation with respect 
to the other. Alternate strategies Indude the use of filler 
sequences between the tandern target sequences. 
[0116] Altefnafively. cytoplasmic expression of dsR- 
NA for use In library based screening approaches is 
achieved lyy a single subgenomic promoter oppoate in 
orientation with respect to the nudear promoter. The nu> 
dear promoter generates one RNA strarKj that is trans- 
ported into the cytoplasm, and the singular sul)gerK>mic 
promoter at the 3* end of the transcript is suffident to * 
generate its anfisense copy by an RNA dependent RNA 
polymerase to result in a cytoplasmic dsRNA spedes. 

Target ceff tine development for use with cytoplasmic 
dsRNA expression iibreries 

[01 1 7] The target oeU line, using the vector containing 
the G418 cassette. GFP. aruJ loxP site is designed as 
described above. 

Development of a cytoplasmic dsRNA expression - 
library 

[0118] Double stranded RNA expression libraries are 
generated by insertirig cONA or randomized sequences 
(as descrit>ed herein) into an expression vector contain- 
ing a single nuclear promoter (RNA polymerase I. RNA 
polymerase II, or RNA polymerase III), which allows 
transcription of the insert sequence. It is destrat)le that 
this nudear promoter activity is regulated transcriptiorv 
ally (for example, using a tet ON/OFF system descritted, 
for example, by Forster ei ai, supra: Uu et al.^ supra; 
and Gatz, supra), such that the promoters are only ac- 
tive in either the presence of a transcnption-indudng 
agent or upon the removal of a repressor. This ensures 
that transcription is not induced until episomal copies of 
the vector(s) are diluted out. Vectors also contain a se- 
lectable marker, such as the hygromydn resistance 
gene, and a toxP site. The expression vedors are inte- 
grated into the target cell line by methods previously de- 



scribed in this application using Ore recombcnase (other 
site-spedfic reoomtnnative strategies can be employed, 
as descrit>ed previously). 

[0119] At two days post-transfectton, cells are sub- 

s jected to hygromydn selection using concentrations es- 
tablished in kill curve assays. Survhring ceQs are cul- 
tured in hygromydn to select for cells t^earir^ Integrated 
vectors and to dilute out episomal copies of the vector 
(s). At this pdnt transcription is induced, and a single 

10 stranded RNA (ssRNA) spedes derived from the Insert 
sequence is transcribed in the mideus from the rnidear 
promoter in the inserted vector The insert is designed 
such that the insert sequences in the transcript are 
flanked by bidirectional promoters of RNA baderi^ •* * 

f 5 ophages (for example, Qbeta or MS2, RNA deperxient 
' RNApolymerasepromoters^or cytoplasmic viral RNA- ^ 
dependent RNA polymerase promoter sequences (for 
example, those of Sindbis or VEEV sutigenomic pro- - ■ 

moters). The nuclear transcript is transk>cated to the cy- 

20 toplasm where it acts as a template for dsRNA by an 

RNA dependent RNA polymerase, which may be pro* ' 
vided through oo-transfiaction of a vector that encodes - 
an RNA-dependent RNA polymerase. Attemativeiy, an ' • - 
integrated copy of the polymerase may be used.'' • 

Example 2: Generation of templates for in vitro * 
transcription of dsRNA for non-library based 

approaches for identification of nudeic adds using 

PIGS ■ • 

30 

(0120] Nudeic add sequences that modulate cell 
function, gene expresskm in a ceH. or the bfotogical ac- 
tivity of a target polypeptide In a cell may also be iden- 
tified using non-library t>ased approaches involving 

35 PTGS. A single known nucleic add sequence encoding 
a polypeptide with unknown function or a single nudeic 
add fragment of unknowcn sequence and/or function can 
be made oito a double stranded RNA molecule. This 
dsRNA is then transfeded into a desired cefl type and 

40 assayed for modulations in cell function, gene expres- 
sion in the cell, or the biological activity of a target 
polypeptide in the cell, using methods described herein. 
A modulatksn In cell function, gene expression in the cell, 
or the biological activity of a target polypeptide in the 

4$ cell kjentifies the nudeic add of the dsRNA as a nudeic 
add the modulates the spedfic cell function, gene ex- 
pression, or the biological activity of a target polypep- 
tide. This non-library based approach to nudeic add 
identification is desirably used under conditions that in- 

so hibit an interferon response or dsRNA stress response. 
Such conditions are described in detail below. 
[0121] Nudeic acid fragments generated, for exam- 
ple, by PGR or restriction endonudease digestion, en- 
coding the respective target sequences were used as 

55 templates for in vitro transcription reactions. PGR frag- 
ments are superior to plasmid templates for the synthe- 
sis of discrete sized RNA molecules. The PGR frag- 
ments encoded at least 20-50 or 1 00 to 1000, for exam- 
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pie. 500 to 600 nucleotides (nts) of the target sequence 
and were derived from the target mRNA. Known target 
sequences were obtained from GenBank and or other 
DNA sequence databases. Target sequences were also 
obtained from cellular RNAs that were generated into 
cONAs to create a number of different dsRNA mole* 
cules. Accordingly; it is possit>le that the sequence and/ 
or function of the target sequence was not known at the 
time the dsRNA was generated. 
[0 1 22] Templates for sense target RNAs were gener- 
ated by pladng the bacteriophage T7 promoter at the 5* 
end of the target coding strand while antisense RNA 
templates contained the T7 promoter at the 5* end of the 
non*ooding strand. This was achieved by encoding the 
T7 promoter at the 5* ends of the respective PGR prim- 
ers. Altemathnty SP6 promoters, or a combfatation of 
SP6 and T7 promoters may be used. 
[0123] PCRwaspeiformed by conventional methods. 
The use of both PGR templates in eqtiimotar anuMints 
in an in vHro transcription reaction resulted in primarily 
dsRNA. The use of two separate fragments has t>een 
found to be superior to the use of one PGR fragment 
containing two T7 promoters, one located at each end 
of the target sequence, presumably due to transcription 
interference that occurs during transcription of the dual 
promoter template. Following PGR amplification, the 
DMA was subjected to Proteinase K digestton and phe- 
not-chlorofomi extraction to remove contaminatir«g 
RNases. Foltowlng etharK)l precipitation, the DNA was 
resuspended in RNase-free water at a oonoentrettion of 
1 to 3 fig/fil. 

[01 24] As an alternative to phenol-chloroform extrac- 
tion. DMA can be purified in the absence of phenol using 
standard methods such as those descrii>ed by Li ef a/. 
(WO 00/44914. filed January 26. 2000). Alternatively, 
ONA that is extracted with phenol and/or chloroform can 
be purified to reduce or eliminate the amount of pher)ol 
and/or chloroform. For example, standard column chro^ 
matography can be used to purify ttie DNA (WO 
00/44914. ftied January 28. 2000). 

Example 3: In vitm RNA transcriptton and RNA analysis 

[0125] In vitro transcription reactk)ns are carried out 
using the Riboprobe Kit (Promega Gorp.). according to 
the manufacturer's directions. The template DNA is as 
described above. Following synthesis, the RNA is treat- 
ed with R01 DNase (Promega Gorp.) to remove tem- 
plate DNA. The RNA is then treated with f^tetnase K 
and extracted with phenol-chloroform to remove con- 
taminating RNases. The RNA is ethanoi predpitated, 
washed with 70% ethanoi. and resuspended in RNase- 
free water. Aliquots of RNA are removed for analysis 
and the RNA solutk>n is flash frozen by incubating in an 
ethanol-dry ice bath. The RNA is stored at -80° G. 
[0 1 26] As an alternative to phenol-chloroform extrac- 
tion. RNA can be purified in the absence of phenol using 
standard methods such as those described by U ef a/. 



(WO 00/44914. filed January 28. 2000). Alternatively. 
RNA that is extracted with phenol andlar chkiroform can 
be purified to reduce or efiminate the amount of phenol 
arKj/or cNoroform. For example, standard column chro^ 

5 matography can be used to purify the RNA (WO 
00/44914. fHed January 28. 2000). 
(0127) dsf^A Is made by combining equimolar 
amounts of PC^ fragments encoding antisense RNA 
aruJ sense RNA. as descr9>ed above, in the transcription 

fo reaction. Single stranded antisense or sense RNA is 
made t>y using a single species of PGR fragment in the 
reactkm. The RNA concentration is detenmined by spec- 
trophotometric analysis, and RNA quality is assessed 
by denaturing gel electrophoresis and by digestksn with 

'5 RNaseTl.wfuch degrades single stranded RNA. 
[0128] An mRNA lil>rary is produced using Qbetal>ac- 
teriophage. I>y ligating the mRNAs to the flank sequenc- 
es that are required for Obeta replicase fimcQon (Qbeta 
flank or Qtieta flank pkis PI), using RNA figase. The 

20 * ligated RNAs are then transformed into bacteria ttiat ex- 
press Qt>eta repficase and the coat protein. Single 
plaques are then inoculated into fresh bacteria. All 
plaques are expected to carry transgene sequences^ 
Each plaque is grown in larger quantities In bacteria that 

25 produce the Qt>eta polymerase, and RNA is isolated 
from the t>acteriophage particles. Alternatively, if tf)a 
Qbeta flank phjs PI is used to generate the library (e. 
g., P1=MS2, VEEV. or SindiNs promoter sequences), 
these vectors can be used to carry out the in vitro tran- 

30 scription ak>ng with the cognate polymerase. The in vitro 
made dsRNA Is then used to transfect cells. 

RNA deUvery 

3S [0129] tn vitro made dsRNA is directly added to the 
ceD culture medium at concentrations ranging from 50 
pg/ml to 500 pg/ml. Uptake of dsRNA is also facilitated 
by electroporation using those conditions required for 
DNA uptake by the desired cell type. RNA uptake is also 

40 mediated by lipofection using any of a variey of com- 
mercially available and proprietary cationic lipkls, DE- 
AE-dextran-mediated transfectk>n. mlcroinjectkm. pro- 
toplast fusion, cak:ium phosphate predpitatran, viral or 
retroviral delivery, or tMoOstic transformation. The RNA 

45 is naked RNA or a k)cal anesthetic RNA complex. Mod- 
ulation of cell functk>n, gene expression, or polypeptide 
biological activity is then assessed in the transfected 
cells. 

[0130] Some dsRNA sequences, possibly in certain 
so cell types and through certain delivery mettiods. may re- 
sult in an interferon response. During the screening 
methods of the present invention, induction of an inter- 
feron response is not desired, as this would lead to cell 
death and possibly to the prevention of gene sllencir>g. 
55 [0131] One of the components of an interferon re- 
sponse is the ir>duction of the interferonnnduced protein 
kinase PKR. Suppression of the interferon response 
and/or the PKR response is desired in the target cells. 
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The dsRNA defivery methods described herein are per- 
formed such that an interferon response or dsRNA 
stress response is not included. It is recognized, how* 
ever, that certain conditions might present with an in- 
duction of the interferon response. To prevent such a 
response, a numt>er of other strategies may t>e em- 
ployed with any of the above described screening meth* 
ods to identify a nudeic acid that modulates cell func- 
tion, gene expression, or the polypeptide biological ac- 
• tivity of a cell, as descnbed herein. 

[0132] To prevent an interferon response, interferon 
and PKR responses are silenced in the target cells using 

* a dsRNA spedes directed against the mRNAs that en- 
code proteins involved in the response. Desirably inter- 
feron response promoters are silenced using dsRN^ 

> Attemativety, the expression of proteins that birKf the in- 
terferon response element is abolished using dsRNA 

* techniques. 

[0133] in an alternative strategy, interferon and PKR 
knodcout cell lines are created through approaches uti- 
lizing expression cassettes that encode an antisense 

' RNA and ribozymes directed to the cellular mRNAs that 
encode the proteins involved In the response. Knockout 

; • cells are created by standard gene knockout technok>- 

- gies using homologous recombination to alter target se- 
* quences, using homologous DMA alone, or as oomplex- 

- es of RecA protein and single stranded DNA homolo- 

- I gous to the target sequence(s). Interferon response el- 
. ement (IRE) sequences, sequences that encode tran- 

scriptkm factors that bind IRE sequences, the promoter 
and/or gene sequences that encode proteins In the PKR 
and interferon response pathways are molecules that 
are targeted for krK)ckout 

{0134] If deared, proteins involved in gene silencing 
. such as Dicer or Argonaut can t>e overexpressed or ac- 
t tivated to increase the amount of inhibitkm of gene ex- 
' ' pressbn (Beach ef a/., WO 01/68836. filed March 16, 

2001). 

Example 4: Cytoplasmic transcription vectors for rwn- 
tibrary based approaches to nudeic add identificatfon 
. using PTGS 

(0135) Double stranded RNA molecules for use in 
non-library based methods for the identifteatk>n of nu- 
. deic adds that modulate cell function, gene expression 
of a target nudec add. or target polypeptide biological 
activity in a ceD can also be generated through the use 
of cytoplasmic transcriptk)n vectors. Such vectors are 
generated as now descnbed. 

[0136] The PGR fragm ents generated for in vitro tran- 
scription templates, as described above, are inserted in- 
to a doning vector containing one T7 pronx)ter located 
just outside the polylinker region. Such a vector is pZE- 
RO blunt (Promega Corp.). The PGR fragment is doned 
into a restriction site in the potylinker in sudi a way that 
the fragment's T7 promoter is distal to the vector's pro- 
moter. The resulting vector contains the target se- 



quence flanked by two T7 promoters; transcriptkm ftom 
this vector occurs in converging directions. Convergent 
transcription is desired for these intracellular vectors, 
due to the uncertainty of getting sense and antisense 

9 vectors mto the sanne ceD in high enough and roughly 
eqt^alent anuxmts. In additk)n, the k>ca! concentration 
of antisense and sense RNAs with respect to each other 
is high enough to enable dsRNA formation when the du- 
aJi promoter oonstrud is used. 

10 [0137] A hygromyctn resistance cassette is doned irv 
to the pZERO t>tunt vector as weO. The hygromyctn re- 
sistance cassette contains the h^omyctn resistarx:e 
gene under the control of the Herpes Simplex Virus 
(HSV) thyntidine kinase promoter and the SV40 pofya-- 

f 5 denlyation signal. The cassette is in a plasmid vector 
and is flanked at t>oth ends by a polylinker regnn ena- 
bling ease of removal and subsequerU doning. HygrcH *■ 
mydn selectkm was chosen t)ecause of the raiMdity of 
death induced by tiygromycin as weO as extensive ki- 

20 house experience with hygromydn selectk)n. Attema- * - 
tively, other seiectkm methods known to those skilled in : > r 
the art may k)e used. .>.. . - 

10138] The vectors are bansfected into the desired 
cells using standard transformafon or trartsfecfion tech- - ^: 

25 nkiues described her^, and the cells are assayed for - 
the ability of the dsRNA molecules encoded by the veo- 
tors to modulate oeD lunctton, gene expresston of star- 
get nudec add, or the bk>togical activity of a target 
polypeptide, as described herein. 

30 

Example 5: Analysis of RNA from transf acted oeD& 

{01 39] Regardless of whether a Ubrary based screen- 
ing approach or a non-tibrary based approach was used 

35 to Mentlfy nucleic add sequences, in order to measure 
the level of dsilNA effector mdecule within the cel. as 
wen as the amount of target mRN A within the cell, a two- 
step reverse transcription PGR reaction was perfomned 
with the ABI PRISM™ 7700 Sequence Detectkm Sys- 

40 tern. Total RNA was extraded from ceils transfeded with 
dsRNA or a plasntid from a dsRNA expression library 
using Trizoi and DNase. Two to three different cONA 
synthesis reactions were performed per sample; one for 
human GAPDH (a housekeeping gene that sfKxild be 

45 unaffected by the effector dsRNA). one for the target 
mRN A, and/or one for the sense strand of the expected 
dsRNA molecule (effector molecule). Prior to cDN A syn- 
thesis of dsRNA sense strands, the RNA sample was 
treated with T1 RNase. The cDNA reactions were per- 

50 formed in separate tut>es using 200 ng of total RNA and 
primers spedfic for the relevant RNAs. The cDNA prod- 
ucts of these reactions were used as templates for sut>- 
sequent PGR reactions to lamplify GAPDH, the target 
cDNA. and/or the sense strand copied from the dsRNA. 

55 AB RNA was quantified relative to the internal control, 
GAPDH. 
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Example 6: Target sequence identification 

|0140] To identify the target sequence affected by a 
dsRNA« using any of the at)ove-descnbed methods, 
DNA is extracted from expanded ceU fines (or from the 
transfected ceHs if using a non-integrating dsRNA sys- 
tem) according to methods weli known to the skilled ar* 
tisan. The dsRNA encoding sequence of each integrant 
(or non-integrated dsf^A molecule if using a non-li- 
brary based method) is amp&fied t>y PCR usmg primers 
containing the sequence mapping to the top strand of 
the T7 promoter (or any other promoter used to express 
the dsRNA). Amplified DNA is then Ck)ned into a cloning 
vector, such as pZERO blunt (Promega Corp.), and then 
sequenced. Sequences are compared to sequences in 
GenBank and/or other DNA datat>ases to look for se- 
quence identity or homology using standard computer 
programs. If the target mRNA remains unknown, the 
mRNA is ctoned from the target cell fine using primers 
derived from the cloned dsRNA t>y established tech- 
niques (Sambrook et at., supm). Target validation is then 
carried out as described herein. 
(0141] In the stably integrated dsRNA expressk)n sys- 
tem described above, despite efforts to reduce negative 
positk>n effects, inefficient dsRNA synthesis t>y PCR 
methods may occur. This can be drcumvented by res- 
cuing the Integrated cONA or randomized nudeic se- 
quences into replicating plasmids. Rescued plasmids 
are amenable to amplification in bacteria and to se- 
quencing. Rescue is achieved tiy re-transfecting the 
population of cells transfected with the dsRNA expres- 
s»n library with the rescue ptasmid and a plasmki en- 
coding Cre reoomtMnase. The rescue plasmid carries a 
bacterial origin of repfication, a t»cterial antibk>tic se- 
lection marker, an SV40 origin of replication, and an 
SV40 T antigen expression cassette, as well as loxP 
sites positioned as an inverted repeat to altow Ore-me- 
diated double recombination. The SV40-based origin of 
replication in the rescue plasmid alkyws ampfificatkm of 
rescued sequences in ttie integrated ceHs. FoHowing 
rescue, higher levels of transcription are anticipated, 
thereby favoring dsRNA formation. The cells are then 
screened for nradulatkms in cell function, target nucleic 
acM expression, or target polypeptide t»ok>glcat activity 
changes as descrit)ed herein. 

Example 7: Preventkm of an interferon response during 
gene silencing 

[0142] As discussed atxjve, during the atxive-de- 
scrit>ed screening methods. Induction of an interferon 
response is not desired, as this wouM lead to ceU death; 
anti-proliferaUve responses, and possibly to prevention 
of gene silencing. One of the components of an interfer- 
on response is the induction of the interferon-induced 
protein kinase PKR. Suppression of the interferon re- 
sponse and/or the PKR response te desired in the target 
cells. The dsRNA defivery methods descrit>ed herein 



are performed such that an interf&ron response is not 
induded. It is recognized, however, that certain corufi- 
tions might present with an induction of the interferon 
response. To prevent such a response, a number of oth- 
5 er strategies may be emptoyed with any of the above 
descrilied screening methods to identify a nuddc add 
that modulates ceil function, gene expressk>n, or the 
polypeptkle tiiological activity of a cell, as described 
herein. 

^0 (0143] To prevent an interferon response in a system 
involving stat)le Integration of the nudeic add containing 
the dsRNA expresson cassette, the vectors used to 
generate either the loxP integrant or the vector that en- 
codes the dsRNA expresaon cassette are denned to* 
contain sequences that encode proteins that t)k>ck the 
PKR response, such as the Vacdnia virus protein E3 
(Romano ef a/.. Molecular and Cellular Biok>gy.id: 
7304-731 6. 1 998; Accession No. M36339), or a celMar 
protein PSS^^. which the influenza virus mokxlizes to 

20 block PKR (Gale ef a/.. Microbiotogy and Molecular Bi- 
. ok3gy Reviews 64:239-280, 2000; Accessbn .No: 
XM_032d82). Several other viral proteins have also 
t)een klentified (e.g.. Hepatitis C £2; Accessk>n No. 
S72725) and may be simtlariy used. These proteins dan 

25 t)e expressed in the desired cell types or in animals 
through the use of any of a number of commercially 
available mammalian expresston vedors or vertebrate 
< expression vedors. Such vedors can be obtained firom 
a number of different nianufadurers induding Invitrogen 

30 (Carisbad. CA) Pmmega ((Madison. Wl). or Ctontech 
(Palo Alto, CA). An example of such a vector Is the pCt* 
neo Mammafian Expression Vedor from Promega. 
{0144] Regardless of whether nudeic add enooding 
a dsRNA is stat>ly integrated into a chromosome or is 

35. not integrated into a chromosome, the following meth- 
ods may k>e used to preventan interference response 
in any of the screening methods of the present invention. 
In one example of an interferon avoidance strategy, in- 
terferon and PKR responses are silenced in the target 

40 cells using a dsRNA spades directed against the mR- 
NAs that encode proteins involved in the response. De- 
sirably interferon response promoters are sllerwed us- 
ing dsRNA. Altemathrely, the expression of proteins that 
bind the interferon response element is atxifished using 

45 dsRNA techniques. 

[0145] In an alternative strategy, interferon and PKR 
knockout cell fines are created through approaches uti- 
Gzing expression cassettes that encode an antisense 
RNA and ritmymes directed to the cellular mRNAs that 

50 encode the proteins involved in the response. Knockout 
cells are created by standard gene knockout technolo- 
gies using homologous recombination to alter target se- 
quences, usirtg homologous DNA alone, or as complex- 
es of RecA protein and single stranded DNA homok>- 

55 gous to the target sequer)ce(s). Interferon resporm el- 
ement (IRE) sequences, sequences that encode trarv 
scriptk»n fadors that birnt IRE sequences, the promoter 
• and/or gene sequences that encode proteins In the PKR 
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and Interferon response pathways are molecules that 
are targeted for knockout 

[0146] In yet another alternative, chimeric oligonucle- 
otides may be used to alter target sequences. Methods 
for inhibiting expression of pdypeptxies through chimer* 
ic oligonudeotkies are well known in the art (tgoucheva 
and Yoon. Human Gene Therapy 11 :2307-2312, 2000>. 

Example 8: Furwtional screening for cell invasion 

(0147] Cell invasion is one cell fiincfion that may l>e 
evaluated in the search for rK)vel genes that are modu* 
lated using the methods descrit}ed herein. Matrigel, a 
btok>gjcal extraceQular matrix, has properties similar to 
(hat of a reconstituted basement membrane and has 
been used to measure the invasive potential of tumor 
cells (Platet and G^a, supra). Ceils transfected with 
randomized or cDNA libraries that have been doned in- 
to PTGS vectors are monitored for their capadty to ir>- 
vade matrigel invasion chambers. Cefls that have taken 
up sequences unrelated to invasksn invade the matrigel 
as effidentty as vedor-transfected control cells. Cells 
experiendng PTGS of genes that are involved in cell in- 
vask>n invade much less effidentfy. If the dsRNA ex- 
pression cassette is stably integrated in a chromosome, 
these ceOs are retrieved and second and third rounds of 
selection are carried out in order to isolate specific nu- 
. dele add sequences relevant to cell invasion. The effect 
of these sequences on invasion is ultimately confirmed 
by their ability to btock the ffonnatton of tumors in animal 
nxKJels. 

[0148] Several human cell lines, for example. 
MOA-MB-231, used by Platet and Garda (supm), 
SKBr3, and MCF-7ADR, a more metastatic variant of 
MCF-7. MDA-MB-231 breast cancer cells (obtained 
from the American Type Culture Collection} are also 
transfected with cDNA libraries or randomized nudeic 
add libraries constructed into the vectors de8crit>ed 
above. Desirably aH cells in this assay contain a single 
copy of a transfected gene, as described at)ove. 
(0149] Cells cultured in commerdally available 24- or 
96-well formatted systems are used to carry out the cell 
invasKMi assay. As this screening protocol relies upon 
repeated rounds of selection, it may be desirable to keep 
the cell numbers in each well fow enough that enrich- 
ment is seen in each succeeding round, yet high erKMjgh 
to recover sufficient cells to culture within a reasonat)te 
time period. Therefore, culture conditions that result in 
invasfon by greater than 50% of the cells and that still 
pemut recovery from the surface of the matrigel are 
made optimal . Norwnvasxve (NIH3T3 cells) or pooriy in- 
vasive (MCF7) cell lines are analyzed in parallel as neg- 
ative controls for invasion. 

[0150] Initially, triplicate cultures of half-log order di- 
lutu>ns from 10^ to 10^ cells per well are plated. CeDs 
are then recovered by "scrut>t>ing* with a sterile cotton 
swab in fresh culture media and are seeded into 96-weli 
plates. The number of invasive cells in the matrigel is 



quantified usmg either an MTT-based assay (Sasaki 
and Passaniti. Biotedmiques 24:1038-1043, 1998) or a 
fluorescent indicator (Gohia ef af.. Clin. Exp. Metastasis 
14:451*458. 1998). 

5 [01 51] Once the appropriate ceU densities for the as- 
say have been empiiically determined, stable transf ed- 
ed cells are plated In the matrigel ceQ invasion cham- 
bers. Each experiment Indudes the foUowing controls: 
a sample of untransfected cells as a reference culture; 

10 untransfected cells treated with antMnvasive chemo- 
therapeutic agents, such as taxd or doxorutMdn, as a 
positive control for inhit»tk)n of invasion; ceOs transfed- 
ed with empty vectors to confirm that the vector akxie 
had no effects on inva^on; and ceQs transfected ceOs 

r5 with genes that are krurnn to bkxk invasnn in this as- 
say, such as estrogen receptor-a or TIMP-2 (Kohn et 
af.. Cancer Research 55:1856-1862. 1995; and Wood- 
house ef a/.. Cancer (Supplement) 80:1529-1536. 
1997). 

20 [0152] Cells that fail to invade the matrigel ana re- 
moved from each weB to the corresponcfing wells of a 
96-well plate arxl cultured until macroscopic cotonies 
are visible. It is important to colled cells at more ttian 
one time point after plating, since the time it takes for 

25 PTGS to l>e effective may vary, and it may be that dif- 
ferent genes are active at different times after plating. 
Once the cells are transferred to 96-weU plates, they are 
diluted out and taken through suocesshre rounds of re- 
screening in the invasfon assay in order to expand and 

30 isolate cell fines with altered invashra ability. As the pop- 
ulation becomes more and more enriched for cells wilh 
a non-invasive phenotype, the reductton in invasive 
cells In tlie matilgei can he better quantified via MTTor 
fluorescence assays. Ultimately, a targe panel of doned 

35 double-stat)le can tines is generated. 

(015^ This assay can also t>e carried out with cells 
into which a dsRNA is not staUy integrated into a chro- 
mosome. The assay is oorKiucted essentially as de- 
scribed atxive except that multiple rounds of selection 

^ and re-screenirtg are noi necessary since the cell Is 
transfected with only one dsRNA spedes. Thus, the tar- 
get(s) of the PTGS event is readily kSentifiable using the 
doning and sequendng technk)ues described above. 

45 Example 9: Pownregulatfon of HIV using HIVAderived 
dsRNA and fatfiitiitors of the interferon response 
pathway 

[0154] During the course of HIV infection, the viral ge- 
50 nome is reverse transcribed into a DNA template that is 
integrated into the host chromosome of infeded dividing 
cells. The integrated copy is now a blueprint from which 
more HIV partides are made. Several cell fines that con- 
tain integrated copies of a defective HIV genome. 
55 HIVgpt (strain HXB2) have been created. The HIVgpt 
genome contains a deletion of the HIV envelope gene; 
all other HIV proteins are encoded. The plasmid used 
to create these cell lines, HIVgpt, was obtained from the 
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AIDS Research and Reference Reagent Program Cat- 
alog. Stably integrated cell lines were made with human 
ftiabdomyosarooma (RD) cells. The fines were made hf 
transfecting cells with the plasmid followed by selection 
of cells in mycophendic add. The HIVgpt genome en- 
codes a myoophenoTic add (MPA) resistance gene in 
l^ace of the envelope gene and thereby confers resist- 
ance to MPA. Ceils resistant to Mm were donally' am- 
plified. The media trom the cultured donaOy expanded 
- cells was assayed for the presence of p24 (an HIV gag 
polypeptide that is secreted extraoeOularty). AH cell fines 
were positive for p24. as assessed using a p24 ELISA 
: assay kit (Coulter. Fulleiton. OA). The cdl lines also 
* make non-Infectious particles which can t>e rescued into 
infectious parfides |yy co-expression of an HIV envelope 
protein. 

£0155] The HIVgpt cell lines are used as a model sys- 
; tern with which to downregulate HIV expression via 
PTGS. Rasmlds encoding a 600 nt sense RNA, a 600 
nt antisense RNA^ or a 600 bp double stranded RNA 

• ^ (dsRNA). mapping to the same coordinates of the gag 
' gene of HIV strain HXB2 are used to transfect ceRs (the 

map from which the coordinates are based is found at 
GenBank Accession number K03455. HIV(HXB2), com- 
' plete genome, and the gag RNAs used in this study map 

* • to coordinates 901-1500). Expression of the RNAs is 
V from T7 RNA polymerase promoter(s) located at the 5* 

end of the gag sense strand, at the 5* en6 of the anti- 
sense strand, or at converging positions at the 5* ends 
of l>oth the sense and anti-sense strands, respectively. 
These encoded RNAs are not designed to t>e able to 
make protein (/.e.. they do not have a cap, a poly A tail, 
or the native initiation codon). Transcription of the BHAs 
is catalyzed by T7 RNA polymerase, provkjed from a 
second co-transfected T7 RNA polymerase expression 

* plasmkl. Control plasmids expressing a similar sized 
' sense RNA, antisense RNA« and dsRNA derived from 

the gD gene of an HSV2 genome are Induded as ex- 
perimental oontrds (the map from which the coordinates 
. are kiased is found at GenBank Accession mjmt>er 
K0140a. HSVg02 gene, and the HSVgD RNAs used in 

* this study map to coordinates 3 1 3-872). 

[01 56] Cells used in these studies are transfected with 
an expression plasmkl encoding a gene produd known 
to interfere with the dsRNA induced interferon response 
or with the PKR response, as descrit>ed at)ove. The cells 
are transfected with tipofectamine (Gibco-BRL) as a 
transfecting agent according to the manufacturer's In- 
structfons. 

[01 57] Two days after transfection. the cells are har- 
vested arKl seeded into six-well plates arKi cultured to 
' approximately 60 to 90% confluence. Cells are co-trans- 
feded with the T7 RNA polymerase expressfon plasmid 
and one of the RNA expressfon plasnruds. such that one 
well of cdls receives -the T7 RNA pdymerase expres- 
sfon plasmkl and the gag sense RNA expressfon plas- 
mid; one well of cells receives the T7 RNA polymerase 
expression plasmid and the gag antisense RNA expres- 



sion i^smid; one weB of cells receives the T7 RNA 
polymerase expres^on plasmid and the gag dsRf^ ex- 
pression plasmid; one welt of cells receives the T7 RNA 
polymer^ expressfon plasmid and the HSVgd sense 

s RNA expression plasmfo; one well of cells receives the 
T7 RNA pdymerase expression plasmkl and theHSVgd 
anfisense RNA expressfon plasnrud; and one %veQ of 
cells recehfes the T7 RNA polymerase expression plas- 
mid and the HSVgO dsl^NA expressfon plasmkl. Trans^ 

10 faction is agsdn mediated through Qpofectamine (Gib- 
co-BRL). Ihere alsois a control grouq) of ceQs receiving 
no RNA. The oeUs are monitored for p24 synthesis over 
the course of several weeks. The cells are assayed tx)th ' 
by measuring p24 In the media of oeQs (using the p24 • 

iS EUSA kit from Coulter, according to the manufaeturei's 
instrudfons) and by immunostaining fixed cells for p24 
using a rabt>it polycfonal anti-p24 sera and anti-rabtxt - 
IgG that is FITC oor>fugated (Sigma). None of tt>e gO 
RNAs spedficaQy shut down p24 synthesis. The dout)le* 

20 stranded gag RNA significantly down regulates p24.- - " 
The sense and antisense have only a modest effect orv ' 
p24 synthesis and some of the effect is predicted to t>e ' 
Ihrotjgh the ability of the sense and antisense gag RNAs 

to generate fowfovels of dsRNA species. • \ r ' 

25 „ . ' . 

Example 10: Pownr&gulatfon of PSA expresskan in- ' i 
human Rhabdomyosarcoma cells using intracelfolar ^ ; ' 
expression of dsRNA 

30 [0158] RD cells transiently expressing prostate spe- 
cific antigen (PSA) were trarisfected with a T7 RNA 
polymerase expression vector and T7 RNA expressfon 
vectors expressing PSA dsRN A, PSA sense RNA, PSA 
antisense RNA. or control RNAs. The abifity of the ex- - 

35' pressed RNAs to downregulate PSA expressfon was 
assessed, as descnt>ed further below. 

Creation of a transient PSA expression line 

40 [0159] The ability to downregulate expressfon of PSA 
foOowing the expression of a PSA spedfU: double- 
stranded RNA (dsRNA) was demonstrated in a human 
rfiabdomyosarooma cell line. Since availatde PSA cell 
lines are difficult to work with (/.e., they are hard to trans- 

45 feet, and the cells tertd to dump), a human cell line tran- 
siently expressing PSA was created. To create these 
cells, human rhatMfomyosarcoma cells were transiently 
transfected with a PSA plasmid-k3ased expression vec- 
tor, under conditions that result in transfectfon of greater 

so than 95% of the cells. Transfection was mediated with 
tipofectamine transfecting reagent (Gtbco-BRL) accord- 
ing to the manufacturer's instructfons. Expression of 
PSA was directed by the HCMV-IE promoter and the 
SV40 pdyadenylation signal (Fig. 2). PSA expression 

55 was measured in the supernatant of transfected ceUs 
using a PSA ELISA kit (Oncogene Science Diagnostics, 
(Cambridge, MA). No PSA was detected in the. untrans- 
fected parental cells wfiHe PSA was atHindantly ex- 
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pressed in cells receiving the PSA expression vector. 

DownregulaUon of PSA expmssion 

{0160] The PSA expressing cell line was used as a s 
model system with which to demonstrate the downreg- 
ulation of PSA protein levels by PT6S. In these studies, 
plasnuds encoding an approximately 600 nt sense RNA, 
a 600 nt antisense RNAora 600 nt dsRNA derived from 
a PSA cDNA were used to transfect the PSA expressing io 
cett line (Fig. 2). Expression of the RNAs was from a T7 
*RNA polymerase promoter(s) located at the 5* end of 
the PSA sense strand, at the 5* end of the PSA antisense 
strand, or at cdnvefging positions at the 5* ends of both 
the sense and antisense strands respectively (Fig. 2). 
These encoded RNAs are not designed to be able to 
make protein (they do not have a cap, or a poly A tait>. 
Transcription of the RNAs was catalyzed by T7 RNA 
polymerase, provided by a co-transfected T7 RNA ex- 
pression plasmtd. Control plasmtds expressing similar • ^ 
sized sense RNA. antisense RNA. and dsRNA derived 
from the glycoprotein D (gO) gene of an Herpes simplex - 
2 (HSV->2) genome, as described above were included 
as experimental controls. 

[0161] Cells used in these studies can optionally t>e . 25 
transfected with an expression plasmid encoding a gene ^ 

. product known to interfere with the dsRNA induced in- 
terferon response or with the PKR response, as de- 
scribed above. The cells are transfected with lipo- 
fectamine (Gibco-BRL) as a transfecting agent accord- ^ 
ing to the manufacturor's instructions. 
[01 62] Human rtiabdomyosarcoma cells were seed- 
ed into six-well plates and cultured to approximately 80 
to 90% confluence. The cells were co-transfected with 
(A) the PSA expression plasmtd; (B) one of the T7 RNA 35 
expression ptasmids; and (C) the T7 RNA polymerase 
expression plasmid, such that all PSA expressing cells 
were transfected with the T7 RNA polymerase expres- 
sion plasmid and one of the following: the T7 sense PSA 
RNA expression oonsliuct. the T7 antisense PSA RNA ^ 
expression construct, the T7 dsRNA PSA expression 
constnjct. the sense HSVgD RNA expres^on construct, 
the antisense HSVgO expresskm construct, or the dsR- 
NA HSVgd expression construct Cells received identi- 
cal amounts of the PSA expression plasmki and the T7 ^ 
RNA expression plasmid. The amounts of the T7 RNA 
expression plasmids were also constant amongst the 
transfected ceUs. Total DHA per transfedion was held 
constant at 2.5 pg DNA per one well of a six-well plate. 

' In those transfections where there was no T7 RNA ex- so 
pression plasmid. an inert plasmid DNA was used as 
filler DNA. Transfectlon was mediated by lipofectamine 
(Gibco-BRL) accorcfing to the manufacturer's instmc- 
tions. There was also a control group of untransfected 
cells, as wen as an untreated PSA control group of cells ss 
transfected with only the PSA expression plasmid in 
combination with the T7 RNA polymerase expression 
plasmid. 



{0163] PSA-expressing cells that were not transfect- • 
ed with the T7 RNA expression plasmkJ, as weB as cells 
transfected with the T7 HSV2-gDRNA expression plas- 
mid an expressed PSA abundantly and at oomparal)le 
levels. Cells trahsfecled with the sense, anlleense, and 
ds PSA RNA expression plasmids all exha>ited varying 
degrees of inhibition of PSA expresskm. A S%-10% re- 
duclk)n in expressran was seen in cells expressing the 
PSA sense RNA, a 50% reductton was seen in cells ex- 
presstr^ the PSA antisense RNA and greater than 95% 
reduction was seen in the ceQs expressing the PSA dsR- 
NA (Rg. 3). The inhibition was seen within two days after • ^ -i 
transfedion and oonfinued up until the last time point > 
taken (one month laf er> at which point PSA levels were - 
t)eginning to decline in the untreated ceQs and the ex- -r * 
periment was terminated. The untreated PSA controls 
as welt as cells transfected with the T7 HSV2-gD control 
RNA expression plasmkls all expressed PSA alxifKiant- " ^ - 
ly and at comparable levels (Fig. 3). indicating the spe- 
dficity of dsRNA effedors to sHence gene expression. ^ ". ' 
During the one of month culture, cells were expanded ' * 
into larger cultures at rcxjtine intervals. ' vn • 

(0164] Although the PSA spedficdsRNA induced sig- . ' 
nificant inhibition of PSA expression, antisense and 
sense PSA RNAs also induced some level of ir^tntion. - - 
Antisense PSA RNA has the potential to form dsRNA 
by annealing wnth PSA mRNA. Therefore the inhibitran > 
seen with antisense RNA may be explained by both an 
antisense mechanism and a dsRNA induced inhttution. 
A critical intracellular concentratk>n of l>oth antisense 
RNA and mRNA is required to generate dsRNA. Since ' r ^ 
much less dsRNA is made in the antisense RNA ex- 
pressing ceils relative to those cells deslgrted to make ' • 
dsRNA. a lesser inhibition of PSA in the antisense RNA - 
expressing cells is expeded if the threshold dsRNA lev- 
els required for effident silendng have not been ' 
reached In those cells. We have also demonstrated that 
a small amount of antisense RNA can t>e found in cells 
transfeded with ow expression vedors (approximately 
0.2% the amount of mRNA steady state levels). Anti- 
sense expresskm is presumably driven by cryptic pro- 
moters on the non-coding plasmid DNA strand. The (Ob- 
served sense RNA inhibition couki tfierefore also in- 
volve a dsRNA molecule. RNA from transfeded but un- 
treated cells could also be analyzed to determine if the 
low level expressbn of antisense RNAs in these cells 
results in the production of detectable dsRNA spedes. 
Some fow level expresskm of f^A occurred in cefis ex- 
pressing PSA dsRNA. It is likely that some percentage 
of cells dkl not take up the dsRNA expression cassette 
or ttiat the tiireshoM levels of dsRNA were not reached 
In some cells. No cellular toxcity was seen with any of 
the dsRNAs generated by the RNA expression vectors 
suggesting that cytoplasmic expression of dsRNA does 
not induce the interferon response. In contrast, cell 
death is induced when certain concentrations of in vHro 
produced dsRNA is defivered to cells via transfection 
with certain cationic Qpkis. 
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[01 65] In summary, these results Micate that Q) PSA 
derived dsRNA is much more efficient than PSA anti- 
sense RNA in down-regulating PSA expression, (u) the 
down-regulation is sequence specific; only the PSA de- 
rived dsRNA and not the control HSV-2 derived dsRNA 
induced down-reguf ation of PSA. and (ni) there is no tox- 
icity associated with the cytoplasmic expression of long 
(600 bp) dsRNA molecules. Additionalty. these experi- 
ments are the first demonstration of dsRNA mediated 
down-regulation of gene expression in a human oeB line. 

■ 

Example 1 1 : Intraceilularexpression of dsRNA does not 
induce the type 1 interferon response (RIMA stress 
-> response). 

J ' 10166] Human rhat>domyosarcoma (RO) ceOs were 

transfected with various dsRNA expression vectors 
such that dsRNA was transcrit>ed in the trartsfected cells 
as described in Example 1 0. Transcription of dsRNA oc- 
curred in the cells within 24 hours after transfection and 
continued for the duration of the thirty day experiment 
CeHs and the supematants from transfected cells were 

: . analyzed during the course of the experiment for any 

evidence of RNA stress response induction. No evi- 
dence of RNA stress response induction by intraceUuIar 
expressed dsRNA was observed. RO cells have been 
f shown by us to t>e responsive to type 1 interferon, t>oth 
alpha and beta, and thus RO ceils are capable of mount- 
ing an RNA stress response. In addition, positive con- 
trols were irwluded in these experiments. A positive con- 
trol for these experiments is a method of delivering dsR- 
NA which induces the RNA stress response. All positive 
" controls induced the RNA stress response. These ex- 
perimeiits are described further below. 

Assays performed to identify RNA stress response 
induction 

[01 67] The following assays were performed to meas- 
ure the induction of an RNA stress response: TUNEL 
assay to detect apoptotic celts, ELISA assays to detect 
the induction of alpha, beta and gamma interferon, ri- 
bosomal RNA firagmentation analysis to detect activa- 
tion of 2'5*OAS. measurement of phosphorylated elF2a 
as an indicator of PKR (protein kinase RNA indudble) 
activation, proliferation assays to detect changes in cel- 
lular proliferation, and microscopic analysis of celts to 
identify cellular cytopathic effects. Apoptosis, interferon 
induction. 2*5' OAS activation. PKR activation, anti-pro- 
liferative responses, and cytopathic effects are aQ indi- 
. cators for the RNA stress response pathway. 

Transfection of ceffs 

[01 68] Approximately 7x1 0^ RD cells were seeded in- 
to individual wells of six-wefl plates. Cells were trans- 
fected when they reached about 90% oonfluency. Cells 
were transfected with a T7 RNA polymerase expression 



construct and a T7 dsRNA expression construct The 
T7 dsRNA expression constructs encode converging T7 
promoters located on either side of a 600 bp sequervre 
(Fig. 2). Controls included cefls transfected with the T7 

5 RNA expression construct alone so that no dsRfsIA is 
made in these ceils. Total DNAper transfection was held 
constant at 2.5 )ig ONA per one weO of a six-well plate. 
When the T7 RNA polymerase and T7 dsRNA expres- 
sion vectors were both used. 1 .25 pg of each DNA was ^ 

10' used per transfection. In those transfections where-- - • 

there was no T7 dsRNA expression construct inert fiBer 
DNA was used to bring the total ONA to 2.5 Hg per trans- ' 
fection. Transfection was mediated usirtg Ijpofectamlne 
(InVctrogen) acoor(fing to the manufacturer's directions. 

IS The positive control transfections included poly(IHC) 
RNA and in vitro transcribed dsRNA of 600 bp that were 
tx>th complexed with Upofectamtne and transfected into ^ 
cells. The cells were transfected with in vitro trar)scrit)ed * 
■ ssRNA complexed with Upofectamirte. 2.5 pg of each - ' . - 

20 RNA was used per trartsfection. Other controls included - 
> untreated cells. Cells were kept in culture for one month. '^•V - 
by expanding into larger flasks as the cell numt>ers in- < - ^ - .-^ 
creased. : . 

25 ELJSA assays 

[0169] Supematants were renioved from the traris- 
fected and untreated cells at time points of 1 . 2. 7. 17, 
and 48 hours and every several days for up to one month 

30 after the 48 hour time point Collected supematants a 
were stored at •dO'C until they were analyzed for the - v 
presence of alpha, beta, and gamma Intmferon using 
commercially available EUSA kits. The Interferort-alpha 
EUSA kit was obtained from^ENDOGEN (Rockford, It). 

35 the Interferon-Beta EUSA kit was obtained from RD1 
(Randers. NJ), and the tnterf eroivgamma EtISA kit was 
- obtained from R&D Systems (Minneapokxs.MN). Etl- 
SAs were aU performed according to the nraanufacturei's . 
directions. Alpha. k>eta. and gamma interferon were not 

M detected at increased levels in cells expressing intrac- * 
eltular dsRNA compared to the corresponding levels in* 
untreated ceBs. However, conskierable levels of beta m- 
tsrfieron were found in cells transfected with poly (IXC) 
or with in yitro transcrftsed dsRfMA and ssRNA. Aiptia 

45 and beta interferon inductkxi are associated with induc- 
tion of the RNA stress response. 

TUNBL assay 

so [0170] Cells were stained for the presence of apop- 
totic nuclei using a oommerciany available kit TdT 
FragEL. DNA Fragmentation Detection Ktt. In Situ Ap- 
optosls Assay from Oncogene (Boston. MA). Cells were 
stained according the manufacturer's directions. Cells 

ss were stained at 2 hours, 7 hours. 17 hours. 2 days. 3 
days. 4 days, and 5 days after transfectk>n. There was 
no evidence of apoptosis induced by intracelhjlar ex- 
pressed dsRNA at any of the time points analyzed. How- 
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ever, the majority of ceOs transfected wfth poly (IXC) or 
with the in vitro transcfibed dsRNA were apoptotic by 
17 hours after transfection. No evidence of apoptosis 
was observed in the untreated cetis or in cells transfed' 
ed with ssRNA. Apoptosis is an end result of the induc- 
tion of the RNA stress response pathway. 

ZS'OAS activation 

[0171] The activation of 2'5'OAS was determined by 
perfonning ribosomaf RNA fragmentation ar\a)ysis. 
Briefly, fotiowing transfection, total RNA was extracted 
from cells using standard procedures. RNA was extract* 
ed at the foOowing time points: 2 hours. 7 hours. 17 
hours. 48 hours. 3 days. 4 days, and 5 days after trans- 
fection. 5-10 \ig RNA was analyzed for each sample. 
RNA samples were first denatured in fomialdehyde/for- 
mamtde RNA sample buffer at eS'^C for 1 0 minutes prior 
to being electrophoresed through O^X TBE agarose 
gels. Ribosomal RNA was visuaGzed by staining with 
eINdium bromide fbOowed by ultravioiet transifiumina- 
tion. Ribosomal RNA fragmentation was observed in 
cells transfected with poly (IKC) and %vlth the in vitro 
transcribed dsRNA. No fragmentation was observed in 
the untreated control cells, cells transfected %nth ssR- 
NA. or in cells expressing intracellular dsRNA. These 
results indicate that 2*5*OAS was not activated by dsR* 
NA when it %vas made intracellulafly. 2'5*OAS activation 
is associated with irtduction y^ctivation of the RNA stress 
response pathway. 

PKR activation 

[0172] The activation of PKR was determined by 
measuring the levels of elF2alpha phosphorylation. 
Briefly, cells were lysed at various limes after transfeo- 
tion (2 hours. 7 hours. 19 hours. 48 hours. 3 days, 4 
days, and 5 days after transfection) and analyzed for 
levels of phosphorylated and non-phosphorylated elF2 
alpha. The protocol for lysing cells can t>e found in the 
following reference: Zhang R ef a/., J. Biol. Chem. 276 
(27):24946-58. 2001. This analysis was performed as 
described for detecting PKR phosphorylation except 
that antibodies specific lor phosphorylated and non- 
phosphorylated elF2alpha were used. These antibodies 
are avaitat^le from Cell Signa&ng Technology ( Beverly, 
MA). 

Cytopatiiic effect and antipmiifBrative rasponses 

[0173] Cytopathic effect was assayed by analyzing 
cells microscopicatly using a light microscope. Cells 
were analyzed at daily intervals throughout the course 
of the experiment. Cytopathic effect is deftned as any or 
all of the following: cells detaching from surface of well/ 
flask, ceils rounding up. an increased number of vacu- 
oles in transfected cells with respect to the control un- 
treated cells, or differences in morphology of cells with 



respect to the untreated control ceOs. No cytopathic ef- 
fect was seen in those ceOs expresang dsRNA tntrao- 
etlulariy. Severe cytopathic effects were seen in cells 
transfected with Poly (IXC) or with dsRNA made in vitro, 
s Cytopathic effect is associated with the RNA stress re- 
sponse. 

[0174] AntiproDferative responses were assayed by 
measuring the division rate of cells. The cfivision rat§ is 
determined tsy counting cell numbers using standard 
10 procedures. Cdls were counted every few days forthe 
duration of the experiment No antiproTrferafive respons- 
es were seen in cells expressirig dsRNA intraoetlutary. 
AntiproGferative responses are associated with the RNA 
stress response. 

fS 

Summary ofresutts 

• . t 

[0175] The results of the atwve assays indicate Hiat 
intracellular expression of dsRNA does not induce the 

20 RNA stress response. The cells tfiat were used for these 
- experiments were competent (or RNA stress response 
Induction as was demonstrated by the ability of cationic 
lipid coinpiexed poly(IXC} and in vHro transcribed RNA 
to induoe/actiyate an tested components of this re- 

25 sponse. In addition, the cells %vere fonsnd to t>e nspon^ 
sive to exogenously added interferon. These results im- 
ply that the cells used for these experiments are not de- 
fective in Iheirability to nwunt an RNA stress response 
and therefore can t>e used as predictors for other cells, 

30 botti in cell culture and m vivo in animal modds. This 
. method descrit>ed here, which does not induce the In- 
terferon stress response, has been found to IrKluce 
PTGS. Tills method therefore provides a mettiod to fav 
duoe PTGS without inducing an undesired RNA stress 

3S response. 

(0176] Although these results were generated using 
a vector ttiat utiTizes a T7 transcription system and there- 
fore expresses dsRN A in the cytoplasm, the vector sys- 
tem can t>e changed to other systems that express dsR- 

^ NA intracellulariy. Smular results are expected with 
these expression systems. These systems include, but 
are noi limited to. systems that express dsRNA or hair- 
pin in the nucleus, in the nucleus followed by 
transport of the RNAs to the cytoplasm, or m the cyto- 

45 plasm using rK3n-T7 RNA polymerase based expression 
systems. 

Example 12: Optimization of the concentrations and 
relative ratios of in vitro or in vivo produced dsRNA and 
50 delivery agent 

(01 77] The optimal cor)centrations and ratios of dsR- 
NA to a delivery agent such as a cationic Hpid, cationic 
surfactant, or local anesthetic can be readily determined 
55 to achieve low toxicity and to efficiently induce gene si- 
lencing using m vitro or in vivo produced dsRfvlA, 
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Summary of factors efPscUng nudeic acidlcationic Spid 
interacttons 

(0178] Cationfc fi^Md DMA interactions are electrostat- 
ta Bectrostatic interactions are higtity influenced by the 9 
ionic components of the medium. The ability to form sta- 
ble complexes is also dependent upon the intermolecu- 
tar interactions between the lipid ntotecutes. At low con- 
centrations, certan into'-fipid interactions are prefen^d; 
at higher Dpid concentrations, rapid condensates are '0 
formed due to higher order interactions. Although local 
interactions are similar in both of these instances (e.g.. 
phosphoryt groups in the DMA and the charged cationic 
head group), the long range and inter-tipid interactions 
are substantiaBy different Similarly, structurally diverse <s 
variants can be obtained simply by changing the charge 
ratio of the complex by mixir>g varying amounts of cati- 
onic lipid with fixed concentrations of the nudeic add or 
woe versa. This variation in the structure of the complex- 
es is evidenced by altered physical properties of the 20 
complexes (e.g.. differences in octanol partitioning, mo- 
bility on density gradients, charge density of the paitlde, 
parttde size, and transfectalMtity of cells In culture and 
in vivo) (Pachuk ef at. ONA Vacdnes - Challenges in De- 
Overy, Current Opinion in Molecular Therapeutics, 2(2) 2S, 
188-198. 2000 and Pachuk ef a/.. BBA. 1468. 20-30. 
(2000)). Furthermore, different G|Mds. local anesthetics, 
and surfactants differ In their Interactions between them- 
sehres, and therefore novel complexes can be formed 
with (fiffering biophysical properties by using difFerent G- 30 
pids slr^ulaily or in oomt>ination. For each cell type, the 
folknmng titration can be carried out to determine the 
optimal ratio and concentrations that result in complex- 
es that do not induce the stress response or interferon 
response. At several of these concentrations PTGS is 3S 
predicted to t)e induced; however, PTGS is most readily • 
ot>served under conditions that result in highly dimin- 
ished cytotoxicity. 



in water or m buflTer (e.9.. phosphate. HEPES. dtrate, 
Tfis-HCt. Tils-glycine, malate, efa at pH vatues-th^ 
range from 4.0 to 8^). may contain salt (e.g., 1 - 250 
mM), and may contain glyoeral. sucrose, trehalose, xy- 
lose, or other sugars (eg., mono-. <S-. or polysaotha- 
ride). The rnixture is allowed to sit at room tenrperature, 
desiratily for 30 miniftes. ar)d may be stored indefirKteiy. 
The complexes are premixed in senmi free me<fia. Tbe* 
nudeic add and the transfecting reagent may t>e mbced 
either through <firect addition or through a slow mbdng 
process, such as across a dialyzir^g membrane or 
through the use of a microporous partide or a device 
that brings the two solutions together at a slow rate arvj 
at low com»ntrations. In some instances, the two inter- 
acting comporioits are mixed at kMr cortcentrations, 
and the fmal complex is concentrated usirig a <£afihera» 
tion or any other concentrating device. AHemafively. if 
the complexes are formed at fiigh oonoenlrations of ei- 
Iher or t>oth of the interacting components, the complex- 
es may be dUuted to form an ideal transfedkwi mixture. 

Transfectlon protocol and analysis 0/ dsR/VA stra^ - . 
response . 

; ■ ' 

[0181] Complexes are added to cells that are --€0 
-80% confluent in serum free media. The complexes are 
incubated for various times (e.g.. 10 minutes to 24 
hours) with the cells at 37"C and diluted with serum con- 
taining media orwastied and replated in serum free me- 
dia. The cells are monitored fortoxidty and analyzed at 
various times for signs of dsRNA response (ag.. TUN- 
NEL assay to detect nkfced DNA. phospliorylation of 
BF2alpah. induction and acthfation of 2*5* OAS. or in- 
terferorv^pha and -beta). Transfection conditions that 
result in less than 50%. 25%, 1 0%, or 1 % cytotoxicity or 
that result in a less than 20. 1 0. 5, 2. orl .5-fbld induction 
of a stress response are analyzed to determine if PTGS 
was effidently irxhiced. 



Complex formation 

(0179] dsRNA is either produced by in vitro transcrip- 
tion using the T7 promoter and polymerase or another 
RNA polymerase, such as an £ ooG fWA polymerase. 
dsRNA can also be produced in an organism or oeB us- 
ing endogenous polymerases. 
[0180] Concentrations of dsRNA. such as PSA-spe- 
dfic dsRNA. are varied from 1 pg to 10 In some in- 
stances, 1 50 ng of a plasmid that encodes a reporter of 
interest (PSA) to be silenced may be comixed at a con- 
centration between 10 ng and 10 pg. The concentration 
of cationic lipid, cationic surfactant, local anesthetic, or 
any other transfection fadlitattng agent that interacts 
with the nudeic add electrostatically are varied at each 
of the dsRNA concentrations to yield charge ratios of 
0. 1 to 1 000 (positive / negative) {i.e., the ratio of positive 
charge from lipkls or other delivery agents to negative 
charge from ONA or RNA). The complexes are prepared 



^ DetermlrtingMucUonofPTGS 

[0182] PSA protein levels are determined in ceO cul- 
ture media using standard methods. The data is rMxmal- 
ized to the numb&r of five celts in culture to determine 
*s the concentrations required to induce PTGS. 

Results 

[0183] Using the atxjve method, cationw Dpid com- 
SO plexes of dsRN A induced toxicity at certain ranges. With 
lipofectamine as the cationic lipid, positive to negative 
charge ratios greater than 10 did not produce any de- 
tectable toxicity at any of the concentrations of dsf^NA 
tested and induced a high level of PTGS. resulting in 
55 highly decreased levels of PSA in the culture medium. 
The RNA concentration ranges tested were 1 pg to 100 
ng with a constant amount of lipofectamine (10 uL of a 
2 mg/mL solution from GIBCO^RL Life Technologies, 
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Bethesda. MD). 

Example 1 3: Method to avoid dsRN A mediated 
activation of the RNA stress re^xmse pathway 

10184] One or more components of the RNA stress 
response pathway can be mutated or InacQvated to 
avoid induction/activation of the oomponent(s) by dsR- 
NA that is delivered to the oeO or animal for the purpose 
of inducing PTGS. These components, such as those 
iltustrated in Rg. 4. can be knocked out singularly or in 
combination. * 

[0185] Various standard methods can be used to 
kru>d(Out components of the RNA stress response path- 
way, such as PKR. human beta interferon Accession No. 
M25460}. and/or 2'5*OAS (Accession No. NM.003733)l 
Altematrvely or additionally, one or more interferon re- 
sponse element (IRE) sequences can t>e mutated or de- 
leted using a knockout construct designed based on the 
IRE consensus sequence (Ghtslain» et al., J Interferon 
Cytokine Res. 2001 Jun 21(6):379-88.), and/or one or 
more transcription factors that bind IRE sequences, 
such as STAT1 (Accession number XM_010893). can 
be mutated or deleted. These methods indude the use 
of antisense ONA/RNA, rit>ozyn)es, or targeted gene 
knockout technology mediated by homologous reconv 
binatton. One skilled in the art is able to design the ap* 
propriate antisense sequences. ritx>zymes, and vectors 
for targeted knockouts. For example, targeted knock- 
outs may be prepared by any of the following standard 
methods: Shibata et at., Proc Natl Acad Set U S A. 2001 
Jul 17;98(15):842S-32. Review.. Muyrers et at,. Trends 
Biochem Sd. 2001 May;26(5):325-31.. Paul ef a/.. Mutat 
Res. 2001 Jun 5:486(1 ):11 -9.. Shcherbakova ef a/.. Mu- 
tat Res. 2000 Feb 16:459(1 ):65-71 I^ntsov. Ideal gene 
therapy: approaches and prospects Mol Bkil (Mosky. 
1994 May-Jun:28(3):485-95., in Gene Transfer and Ex- 
presskm - A Laboratory Manual editor Michael Kriegler. 
Publisher- WH Freeman & Co. New York. NY. pages 56 
-60. 1990). 

[0186] Knockout celts can be readily klentified either 
through the use of an antibiotic resistonce marker which 
when transferred to the chromosome confers resistance 
to the cen or through the use of dsRNA itself. In partic- 
ular, dsFV^A (e.g.. a high concentration of dsRNA) in- 
duces apoptosis in wiU-type cells while mutant cells sur- 
vive dsRNA treatnoent t>ecause tfiey cannot mount a 
stress response. Yet another approach involves per- 
forming the dsRNA-induced PTGS experiment in the 
presence of large concentrations of IRE (dsONA) oligo. 
which is expected to titrate activated STAT proteins. 
These- oligos can be delivered intracerflulariy using 
transfecting agents or eledroporation. 
[0187] In another method of preventing the mterferon 
response, cells (e.g., RD cells) are transfected with a T7 
RNA polymerase expression vector and a T7 dsRh(A ex- 
pression vector encoding dsRNA homologous to the hu- 
man protein kinase PKR cONA (aocesston number 



M35663) or homologous to the coding sequence of any 
other component in the flNA stress response pathway, 
tn one particular example. dsRNA corresponding to nu* 
deotides 190 -2000 is encoded by the TTdsRNA ex- 
s presston vector. The expresskm vectors are similar to 
those described in Example 10 and shown in Fig. 2, ex- 
cept (fiat the dsfUIA encoding sequence is derived from 
the human protein kinase PKR cONA. Transfectton in 
RD celts is performed as described in Example 1 0. WSfii- 
in 2-5 days post-lransfecfion. the oeBs are fundfofiaOy 
PKR negative. 

Other Emtxxfiments 

<5 (0188] From Itie foregoing descriptfon. it wat be appar- 
ent tiiat variations and modifkations may be made to 
the invention descrit>ed herein to adopt it to various us- 
, ages and conditions. Such embodiments are also.within - 
the scope of the foQowtng claims. 

20 [0189] AD pubfication. patents, and patent appGca- 
tions mentk>ned in this spedfk:ation are herein incorpo- 
rated by reference to ttie same extent as if each Iridivid- 
ual pubticatton. patent or patent application ¥vas specif- 
ically and individually Indicated to be incorporated by 

2S reference. t \ 



Claims 

30 1. A methiod for identifying a nucleic add that modu- 
lates the function of a vertebrate cell, saki metfiod 
comprising the steps of: 

(a) transfomitng a population of vertebrate cells 
35 . with a dout>ie stranded RNA expression library. 

wherein at least two cells of sakf popuiatkm of 
celts are each transformed with a different nu- 
cleic add from saM double stranded RNA ex- 
pressfon Otirary, %vf)erein said transformed nu- 

40 • cleicadd is capable of fonningdout>le stranded 
RNA, and wtierein saki transformation and said 
fonnafion of double stranded RNA ara carried 
out under conditions ttmt inhibit or prevent an 
interferon response or a double stranded RNA 

45 stress response: 

(b) selecting a vertebrate ceP In wMch sakl nu- 
cleic add is expressed in saki cell: and 

so (c) assaying for a modulation in ttie function of 

sakl cen, wherein sakl modulation klenUfies a 
nucleic add ttiat modulates the function of sakf 
vertet)rato cell. 

55 2. A method for kJenti^g a nudeic add that modu- 
lates expressfon of a target nudeic add in a verte- 
brate cen. saki method comprising the steps of: 
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(a) transforming a population of vertebrate ceds 
with a doui»le stranded RHA expression library, 
wherein at least two oeOs of said population of 
cells are each transformed with a different nu- 
cleic add from said doul>le stranded RNA ex- 
pression nbrary, wherein said transfonned nu* 
dele acid is capable of Ibrmirig double stranded 
RNA. and wherem said transfbrmafion and said 
formation of double stranded RNA are carried 
odt under conditions that inhtt)it or prevent an 
interferon response or a dout>le stranded RNA 
stress response: 

(b) selecting a vertei>rate cell in whidi said m*- 
deic add is expressed in said cell; and . 

(c) assaying for a modulation in the expression 
of a target nudeic add in said cell, wherein said 
modulation identifies a nudeic add that modu- 

' iates expression of said target nudeic add. 

A'method for identifying a nudeic add that modu- 
lates the biological activity of a target polypeptide 
in*, a vertebrate ceU. said method comprising the 
steps of: 

(a) transforming a population of vertebrate cells 
with a double stranded RNA expression library, 
wherein at least two cells of said population of 
cells are each transformed with a different nu- 
deic add from said double stranded BHA ex- 
pression library, wherein said transformed nu- 
cleic add is capable of forming double stranded 

' RNA, and wherein said transformation and said 
formation of dotjble stranded RNA are carried 
out under conditions that inhit}it or prevent an 

• interferon response or a dout)le stranded RNA 
stress response; 

. (b) selecting for a vertebrate cell in which said 
nucleic add is expressed in said cell; and 

(c) assaying for a modulation in the biological 
activity of a target polypeptide in said cell, 
wherein said modulation identifies a nudeic ac^ 
id that modulates the biological activity of said 
target polypeptide. 

The method of daim 1 . wherein at most one nucleic 
add is stably integrated into a chromosome of each 
cell. 

The method of daim 1. said method further com- 
prising: 

(d) identifying said nudeic add by ampli^ng 
said nudeic add and sequendng said ampRfied 
nudeic add. 
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6. The method ofdaiml.wfverein said double strand- 
ed RNA expression Kbrary comprises cONAs de- 
rived from said cells. 

7. The method of daim 1 . wherein said double strand- 
ed RNA expression libraiy comprises randomized 
nudeic adds. 

8. The method of daim 1 . wtierein said double strand* 
ed RNA expression library is a nudear double 
stranded RUA expression libiaiy. 



9. The method of daim 1. wtierein said dout^le strand- 
ed RNA expression library is a cytoplasmic doul>le 

IS stranded RNA expression fibraiy. • 

10. The method of daim 1 . wherein said ceQ is a mam- 
malian ceQ. 

20 11. The method of daim 10. wherein said cell is a hu- 
man celt. ' 

12. The method of daim 10. wtierein said cell is select- 
ed from the group consisting of a cancer cell, a cell 

25 . of the immune system, a stem cell, a neuronal ceH, 
' a musde cell, and an adipocyte. 

1 3. The method of daim 1 , wherein said nudeic add is 
contained in a vector. 
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14. The method of daim 1 3, wtierein said vector com- 
prises an RNA polymerase II promoter, an RNA 
polymerase I promoter, an RNA polymerase III pro- 

' meter, or a mitochondrial promoter. 

15. The method'of daim 1 3, wherein the sense strand 
and the anti-sense strand of said double straruled 
RNA are trmscribed from the same nudeic add us- 
ing two convergent promoters. 

16. The method of daim 13. %tfherein said nudtic add 
comprises an inverted repeat such that upon tran- 
scription said nudeic add fomns a double stranded 
RNA. 
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17. The method of daim 1. wherein said assaying com- 
prises measuring an event selected from the group 
consisting of cell iru^tility, apoptosis, ceO growth, cell 
invasion, vascularization, cell cyde events. oeO dif- 

50 terentiation. ceD dediflferentiation. neuronal ceO re- 
generation, and the at)ifity of a ceH to support viral 
repRcation. 

18. The method of datm 1 , wherein said double strand- 
55 ed f^NA is between 5 and 100 nudeotides in length. 

inclusive. 

19. The method of daim 1 . wherein said double strand- 
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ed RNA is at least 100 nucleotides in length. 

20. The method of daini 19. wherein said doutile 
stranded RNA is at least 250 nucleotides in length. 

5 

21. The method of daim 20, wherein said double 
stranded RNA is at least 500 nucleotides in length. 

22. The method of daim 21, wherein said douk>le 
stranded RNA is at least 1000 nucleotides In length, fo 

23. A method for identi^ng a nuderc add that modu- 
lates the function of a vertetvate cell, said method 
comprising the steps of: 

(a) transforming a population of vertebrate cells 
with a double stranded RNA under corKfitions 
that inhibit or prevent an interferon response or 
a double stranded RNA stress response; • 

20 

(b) selecting a vertebrate cell in which said dou- 
ble stranded RNA is expressed; and 

(c) assaying for a modulation in Oie function of 
said cell, wherein said modulation identifies a 25 
nudeic add that modulates the function of said 
cell. 

24. A method for identifying a nudeic add that modu- 
lates expression of a target nudeic add in a verte- ^ 
brate cell, said method comprising the steps of: - 

(a) transforming a population of vertebrate cells 
with a double stranded RNA under conditions 
that inhibit or prevent an interferon response or 35 
a double stranded RNA stress response; 

(b) selecting a vertet>rate cell in whidi said dou- 
ble stranded MiA is expressed; and 

40 

(c) assaying for a modulation in the expression 
of a target nudeic add in said ceR, wherein said 
modulation identifies a nudeic add that modu- 
lates expression of said target nudeic add. 

45 

25. A method for identifying a nudeic add that modu- 
lates the tMological activity of a target polypeptide 
in a vertebrate cell, said method comprising the 
steps of: 

50 

(a) transforming a population of vertebrate cells 
with a double stranded RNA under conditions 
that inhibit or prevent an interferon response or 
a double stranded RNA stress response; 

55 

(b) selecting a vertebrate cell in which said dou- 
ble stranded RNA is expressed; and 



(c) assaying for a modulation in the bioioGpcdl 
adivity of a target polypeptide in said oeB. 
wherein said modulation identifies a nudeic ac- 
id that modulates the bidogical activity of said 
target polypeptide. 

26. The method of daim 23, said method further com- 
prising: 

(d) identifying said nudeic add by amplifying 
said nudeic add and sequencing said amplified 
nudeic add. 

27. The method of daim 23. wherein said double 
stranded RNA is derived from said cefla. 

28. The method of daim 23. wtierein said doutile 
stranded RNA is between 5 and 100 nudeotides in 
length, indusive. 

29. The mettYOd of daim 23. wt>eretn said double 
stranded RNA is at least 100 nudeotides in length. 

30. The mettKxl of daim 29. wherein said double 
stranded RNA is at least 250 nudeotides in length. 

31. The method of daim 30. wherein said double . 
stranded RNA is at least 500 nudeotides in length. 

32. The method of daim 31. wtieretn said double 
stranded RNA is at least 1000 nudeotides in length. 

33. The method of daim 23, wfierein each cell is trans- 
formed with at most one double stranded RNA. 

34. The method of daim 23. wherein said cell is a mam- 
mafian cell. 

35. The method of daim 34. wherein said cell is a hu- 
man cefl. 

36. The method of daim 23, wherein said population is 
transfonned with at least 100 different double 
stranded RNAs. 

37. The method of daim 1 or 23, said method ftiither 
conqmsing: 

<d) identifying said nudeic add thai mochJiates 
the function of said cell 

38. The method of dairh 2 or 24. said method further 
comprising: 

(d) tdentifyirig said nudeic add that modulates 
expression of said target mideic add. 

39. The method of daim 3 or 25, said method further 
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comprising: 

(d) identffymg said nudetc add that modulates 
the biological activity of target polypeptide. 
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